The 
American 
Medicine 


EDITORIAL BOARD 


The American Journal of Medicine 


Editor: ALEXANDER B. Gutman, M.D. 
Professor of Medicine 
COLUMBIA UNIVERSITY COLLEGE OF PHYSICIANS AND SURGEONS, NEW YORK 
DIRECTOR, DEPARTMENT OF MEDICINE, THE MOUNT SINAI HOSPITAL, NEW YORK 


Assistant Editors: Mortimer E. Baper, M.D. anv Ricuarp A. Baper, M.D. 


THE MOUNT SINAI HOSPITAL, NEW YORK 


ADVISORY BOARD 


Davip P. Barr, M.D. ARTHUR L. BLoomFrieLp, M.D. 
Professor of Medicine Professor of Medicine, Emeritus 
CORNELL UNIVERSITY MEDICAL COLLEGE SCHOOL OF MEDICINE, STANFORD UNIVERSITY 
NEW YORK SAN FRANCISCO 
A. McGeHEE Harvey, M.D. WALTER L. PALMER, M.D. 
Professor of Medicine Professor of Medicine 
JOHNS HOPKINS UNIVERSITY, SCHOOL OF MEDICINE UNIVERSITY OF CHICAGO, SCHOOL OF MEDICINE 
BALTIMORE CHICAGO 


ASSOCIATE EDITORS 


S. Howarp ARMSTRONG, JR., M.D., Chicago Cart V. Moore, M.D., St. Louts 


Pau. B. Beeson, M.D., New Haven Jack D. Myers, M.D., Pittsburgh 
J. RussEtt Evxinton, M.D., Philadelphia Rosert E. Orson, M.D., Pittsburgh 
EucENE B. Ferris, Jr., M.D., Atlanta DeWrrtt STETTEN, Jr., M.D., Bethesda 


PETER H. ForsHam, M.D., San Francisco Joun V. Taccart, M.D., New York 
S. McCann, M.D.., Rochester, N.Y. Grorce W. Tuorn, M.D., Boston 
GrEorGE R. MENEELY, M.D., Nashville Roy H. Turner, M.D., New Orleans 


The American Journal of Medicine is published monthly by The American Journal of Medicine, Inc., 49 West 45th Street, New 
York 36, N. Y. Yearly Subscription, $12.00 U.S. A.; $13.00 Canada; $15.00 Foreign, including Latin-American countries, Single 
Numbers $2.00; Symposia Numbers $4.00. Entered as Second Class Matter June 28, 1946, at the Post Office, New York, N. Y., 
and on June 28, 1946, at York, Pa., under the act of March 3, 1879. February, 1957—Volume XXII, No. 2. Copyright © 1957, 


by The American Journal of Medicine, Inc. 


Manuscripts: All manuscripts should be addressed to the Editorial Office of the Journal, 49 West 45th St., New 
York 36, N. Y. Style for bibliography: Doe, J. J. Treatment of hypertension. Am. J. Med., 6: 72, 1948. 


Change of address must reach us one month preceding month of issue. 


ADVERTISING REPRESENTATIVES 
so Chicago: R. H. Andrew, C. P. Haffner 
—rranklin 2-3861 
ous 


Pasadena: Ren Averill—ryvan 1-9291 


New York: Pliny A. Porter, Parker D. 
Brewer, H. Douglas Robinson 
—yudson 2-3090 


e* 


% 


x fe 


invitation to asthma? 


not necessarily 


Tedral, taken at the first sign of attack, often 
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tomatic relief in a matter of minutes. Breathing 
becomes easier as Tedral relaxes smooth muscle, 
reduces tissue edema, provides mild sedation. 


for 4 full hours ... Tedral maintains more 
normal respiration for a sustained period—not 
just a momentary pause in the attack. 
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SUPERIOR ORAL 
CHOLECYSTOGRAPHY 
AND CHOLANGIOGRAPHY 


1 Excellent cholecystograms are readily obtainable. 


The side reactions are usually minimal, only rarely very 
disturbing, and often coinpletely absent. 


EJ In a fairly large percentage of cases, the cystic and 
the common ducts are quite definitely outlined, 
and occasionally even the hepatic duct.” 


Roentgenology. Philadelphia, J. B. Lippincott Co., 


2nd ed., 1953, vol. 2, p. 1003. 
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Kidney Function in Unilateral Pyvelonephrius. I. Clinical Data 
ALEXANDER J. MicHie AND CATHARINE R. MICHIE 


Kidney Function in Unilateral Pyelonephritis. Il. Physiologic Interpretations 
J. Micute, CatHarine R. Micuie anp Marte C. RaGni 


The authors apply the classic clearance methods for determination of glomerular filtration rate, 
effective renal plasma flow and Imp.» of the non-diseased and the diseased kidney in patients with 
unilateral pyelonephritis. Surprisingly little impairment in any of these measures of renal function 
was observed when pyelonephritis was of relatively short duration, in part because of hypertrophy 
of the non-diseased kidney and also of unatlected portions of the diseased kidney. When pyelo- 
nephritis is of long duration and more severe, particularly when there is ureteral obstruction by 
stone, the functional deficit may be marked. Analysis of the data brings out many other points of 
interest. This study doubtless is the most detailed of its kind yet reported. Nevertheless it should be 
appreciated that it is concerned essentially with hemodynamic data and does not take into account 
deficits in specific transport functions, for example, tubular reabsorption of various metabolites and 
electrolytes, which may occur in the diseased kidney. 


The Valsalva Maneuver as a Test of Cardiac Function. Pathologic Physiology and 
Clinical Sienificance 
Ricuarp Gorm, Joun H. KNow Les AnD Capt. Cuirrorp F. Storey 


In the normal subject the systemic arterial pressure during the Valsalva maneuver shows an initial 
rise followed by a fall in mean and pulse pressures with an overshoot upon cessation of the maneu- 
ver. In twenty-three patients with left or right ventricular failure or aortic or mitral stenosis an 
abnormal response to the Valsalva maneuver was noted. In an additional twenty-six patients an 
abnormal response also was obtained but only upon changing the body position. The abnormal 
response to the Valsalva maneuver is believed to reflect a flattened ventricular function curve. The 
authors state that use of the Valsalva maneuver in the way described affords a simple bedside test 
for detection of early left ventricular failure and of tight aortic and mitral stenosis in the absence 
of severe right ventricular failure. 
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action promotes an over-all calmness...’’* 
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gastric hyperacidity * unusually wide margin of safety—no significant side effects 
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Coronary Arteriovenous Fistula. Clinical and Physiologic Report on Iwo Patients, 
with Review of the Literature 
J. Wacruer, Georce W. B. StarKey, EVANGELINE ZERVOPOLUS 
AND GLEN A. GiBBons 213 


I wo cases of coronary A-\ fistula are presented, one diagnosed by means of venous cardiac cathe- 
terization. A review of eleven cases of this interesting anomaly reveals that shunting of coronary 
arterial blood may take place directly into the coronary sinus, right ventricle or pulmonary 
artery. The resulting clinical syndrome, particularly the murmur, may closely simulate patent 
ductus arteriosus. Pulmonary blood flow may be considerably increased, and electrocardio- 
graphic and radiographic evidence of ventricular hypertrophy is often seen. Life expectancy 
appears to be good. This anomaly should be considered in cases in which thoracotomy for patent 
ductus fails to reveal the expected lesion. 


The Electrocardiogram in Atrial Septal Defect. A Study of Twenty-four Cases, with 
Observations on the RSR’-V1 Pattern . W. R. Mitnor C. A. BERTRAND 223 


Investigation of a group of cases of atrial septal defect in which the anatomic diagnosis was con- 
firmed by autopsy or surgical exploration showed that patients with the “ostium primum” type of 
defect complicated by a cleft and insufficient mitral valve can be recognized by the presence of 
left axis deviation and signs of both right and left ventricular hypertrophy in the electrocardio- 
gram. Previous reports of the high incidence of the RSR‘-V1 pattern in cases of atrial septal defect 

: were confirmed, but it should be noted that the QRS duration may be entirely normal and that the 
same pattern often appears in other diseases with right ventricular hypertrophy. 


. Incomplete Transposition of the Great Vessels with Biventricular Origin of the Pul- 
monary Artery ( laussig-Bing Complex). Report of Four Cases and Review of the 
The Taussig-Bing complex was originally described as a rare member of the transposition anoma- 
lies, characterized by a transposed aorta, a large pulmonary artery arising principally from the 
right ventricle but partially overriding the ventricular septum and a high ventricular septal defect, 
with right ventricular hypertrophy. The present communication describes four such cases, two in 
great anatomic detail, and reviews the relevant literature describing the hemodynamic and 
clinical consequences of the malformation. The differential diagnosis of this form of cyanotic 
congenital heart disease due to transposition of the great vessels is set forth. Death ordinarily 
ensues carly, with high output failure because of overloading of the low-pressure pulmonary 
circuit. However, the current great advances in cardiac surgery make possible correction even 
of this complex malformation. 


The Cardiac Output in Paget’s Disease before and after Treatment with Cortisone 
Rapaport, Hirrosut Kuma, Lewis Dexter, H. HENNEMAN 
AND FULLER ALBRIGHT 252 
The observation that massive doses of cortisone appear to have a temporarily suppressive effect 
on the metabolic process of osteitis deformans prompted study of the effect of this therapy on the 
cardiac output in six patients with extensive and active Paget's disease. Pretreatment cardiac 
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outputs were uniformly although variably elevated and fell to normal levels during therapy. The 
results confirm previous observations that the cardiac output may be elevated in Paget's disease 
and are consistent with the suggestion that the increase is due to augmented blood flow through 
involved bones, resulting from innumerable arteriovenous shunts. The mechanism by which 
cortisone reduces this flow is unknown. 


Essential Hyperlipemia. Report of Four Cases, with Special Reference to Abdominal 
Crises. | Leo J. CoRAZZA AND RALPH M. Myerson 258 
It has been well established that essential hyperlipemia, easily recognized by the presence of 
lactescent or milky serum in the fasting state (due to slow clearing), may manifest itself clinically 
by recurrent acute abdominal pain. In some instances the abdominal pain has been shown to be 
due to acute pancreatitis. A low fat diet helps, as indicated by illustrative case histories in this 
report, 


Review 


The Use of ACTH, Cortisone, Hydrocortisone and Related Compounds in the Manage- 
ment of Ulcerative Colitis. Experience in 180 Patients 
Joseru B. Kirsner, MANUEL SKLAR AND WALTER L. PALMER 264 

¢ After carly doubts and anxieties, steroid therapy of ulcerative colitis has found wide acceptance 
which is supported by substantial data now appearing from various sources. The present analysis 
of experience with 180 patients over a five-vear period indicates that an immediate beneficial effect 
may be anticipated in about 85 per cent of cases but that eventual recurrence occurs in about 70 per 
cent, usually with repeated response to therapy. The net gain seems to justify the use of steroids in 
most instances, particularly since the incidence of such anticipated complications as peptic ulcer, 
hemorrhage, secondary infections and perforation appears to be surprisingly low. 


Seminar on Bone Disease 


Calcium and Phosphorus Metabolism « 


Dr. Copp does not attempt a detailed review of the broad wiidtias of calcium and phosphorus 
metabolism (appropriate references are cited) but limits the discussion to newer concepts, par- 
ticularly as they have evolved from isotope exchange and turnover studies. The implications in 
respect to absorption, regulation of serum levels and the active metabolic role of the skeleton are 
especially emphasized. These aspects are oriented toward the clinical problems of bone disease 
but also bear directly upon broader problems of electrolyte regulation. 


Clinico-pathologic Conference 


Pyuria, Gross Hematuria, Convulsions and Possible Nephrotic Syndrome. . . . 286 
Clinico-pathologic Conference (Washington University School of Medicine) 
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Case Reports 


Polycyclic Nephrotic Syndrome . . . Davin A. RyTAND AND ALvin J. Cox, JR. 
Recurrence of the full-blown nephrotic syndrome after disappearance of proteinuria is distinctly 
unusual in Bright's disease. The authors cite a carefully studied case with eight such recurrences. 
Necropsy showed membranous glomerulonephritis with glomerular adhesions and fibrosis. These 
findings, the authors point out, need not be indicative of Bright's disease but, taken in context with 
the clinical course, may be considered to be consistent with lipemic nephrosis with associated 
membranous glomerulonephritis. 


Hypertension Due to Segmental Infarction of the Kidney 
J. Avex Haier, Jr., Leo R. RADIGAN AND ANDREW G. Morrow 


A well documented case of unilateral renal disease (segmental infarction due to embolus) produc- 
ing hypertension, which was reversed following nephrectomy. Brief discussion of this case as an 
example of the Goldblatt phenomenon is presented. 


Tricuspid Stenosis. Report of a Case, with Hemodynamic Studies at Tricuspid Com- 
missurotomy 

Atvin J. Gorpon, GABRIEL GENKINS, ARTHUR GRISHMAN 

AND Ropert A. NABATOFF 


The authors made full use of a rare opportunity to study the hemodynamics of isolated tricuspid 
stenosis, not only by the usual technics but also by simultaneous right atrial and ventricular pres- 
sure recordings at the time of tricuspid commissurotomy. The hemodynamic relationships cor- 
respond, in general, to those anticipated from similar observations in mitral stenosis but differ in 
several respects, the significance of which is interestingly pointed out. 


Hemorrhagic Disease in Osteogenesis Imperfecta. Study of Platelet Functional Defect 

BERNARD M. SieGet, Irvinc A. FRIEDMAN AND STEVEN O. SCHWARTZ 

An interesting case report and discussion of the presence of a deficiency in the thromboplastic 

function of platelets, with associated bleeding tendency, in a patient with osteogenesis imperfecta. 

It is suggested that this concurrence of two rather rare anomalies, both representing mesenchymal 
defects, is not altogether coincidental. 


Chronic Erythrocytic Hypoplasia in Adults. Review of Literature and Report of a Case 
Sun Yuan Tsar AND C. LevIN 
The subject of this report is a syndrome, rare in the adult, characterized by profound anemia, 
virtual absence of red cell precursors in the bone marrow while the leukocyte and megakaryocyte 
series is normal, no extramedullary hemopoiesis, no hemorrhagic manifestations. Of interest is the 
association with thymoma in more than 25 per cent of the cases. 
An interesting example of a curious syndrome. 


Intrathoracic Meningocele 
RicHarp R. Moyer, Harry R. CRAMER AND GARFIELD G. DUNCAN 


An interesting case. 
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between the hazards of high steroid dosage 
and the frustration of inadequate relief 


Because of the complementary action of cortisone and the 
salicylates, Salcort produces a greater therapeutic response 
with lower dosage. 

One study concludes: “Salicylate potentiates the greatly 
reduced amount of cortisone present so that its full effect 


is brought out without evoking undesirable side reactions. 


indications: 
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‘Busse, E.A.: Treatment of Rheumatoid Arthritis 
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Clinical Med. 11:1105. 
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(equivalent to 50 mg. ascorbic acid) 
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*U.S. Pat. 2,691,662 
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pregnant women. 
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Unvarying Measured-Dose 
Nasal Medication 


VASOCONSTRICTIVE Counteracts hyperemia 
of nasal and paranasal mucosa 


DECONGESTIVE Diminishes edema and 
hypersecretion... opens sinus ostia 


Reaching the Entire Paranasal Mucosa 


ANTI-INFLAMMATORY Neutralizes the 


exudative phase of tissue reaction 


ANTIBIOTIC Attacks bacterial invasion 


directly 


— Med ha ler- Phen... .an ethical prescription item... 


makes squeeze bottle and dropper medications obsolete 


Medihaler-Phen is self-powered, measured- 
dose vaporized medication providing effec- 
tive relief for congested nasal and para- 
nasal mucosa. 

Its active ingredients — phenylephrine 
HCl, hydrocortisone, and neomycin sul- 
fate—are in wide clinical use. In Medihaler- 
Phen, for the first time, they are blended 
with an inert, nontoxic aerosol propellent, 
and are made more effective with a pene- 
trating surfactant. An accurately-meas- 


ured nebular cloud is gently ejected, re- 
gardless of how the Medihaler-Phen valve 
is compressed — not part spray, part stream 
as with spray bottles—not an irritating, 
powerful jet—no drops of liquid which 
tend to run out of the nasal passages. 

Because of the extremely small, uniform 
particle size of Medihaler-Phen nebuliza- 
tion, less medication is required to decon- 
gest the mucosa and open the ostia of 
paranasal sinuses. 
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ereater effectiveness 
longer lasting 
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Medihaler-Phen is Safe 


... FOR CHILDREN, TOO 


Repeated use does not result in tachyphylaxis. . . . Does not 
possess the cardiac and nervous system-stimulating actions 
characteristic of other topical vasoconstrictors. . . . Even gross 
overdosage does not lead to drowsiness or deep somnolence in 
children. . . . Concentration of hydrocortisone effective locally, 
but produces no systemic effect. . .. Penetrates ‘“‘mucous blanket” 
of nasal mucosa without irritation. 

OTHER USES Medihaler-Phen is also valuable in the 

symptomatic treatment of “‘postnasal drip” due to 

excessive smoking, air pollution, steam heating, etc. 
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The virtual “‘sterilization’’ of pathogenic bowel con- 
tents which follows preoperative administration of 
SULFATHALIDINE eliminates a major danger in in- 
testinal surgery. Postoperatively, SULFATHALIDINE 
continues the suppression of dangerous pathogens, 
lessens the likelihood of peritonitis and abscess for- 
mation. Flatus is minimal; fungi and yeast do not 
overgrow their habitat; early healing is promoted. 
SULFATHALIDINE is an important adjunct in ulcer- 
ative colitis. 


CREMOTHALIDINE® is a palatable suspension of 
SULFATHALIDINE. Each 30 cc. (1 fluidounce) con- 
tains 6.0 Gm. SULFATHALIDINE. 
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In one investigation, 75 adult patients with bacterial pneumonia 
were treated with erythromycin. In his summary, the clinician re- 
ported: “It is concluded that erythromycin is highly effective in the 
treatment of pneumonia due to gram-positive bacteria.’” 

This, of course, is only one of many reports showing the effective- 
ness of ERYTHROCIN against coccic infections. You'll get the same 
good results (nearly 100% in common, bacterial re- 
spiratory infections) when you prescribe ERYTHROCIN. 
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After a study of 171 patients treated with erythromycin, the investi- 
gator wrote: ‘“‘No serious side effects occurred with prolonged therapy 
or with doses up to 8 Gm. per day in the severe infections.’”! 

Actually, ERYTHROCIN stands on a remarkable record of safety. 
After four years, there’s not a single report of a severe or fatal reac- 
tion attributable to erythromycin. In addition, you'll find allergic 
manifestations rarely occur. Filmtub ERYTHROCIN Bott 
Stearate (100 and 250 mg.), in bottles of 25 and 100. 


® Filmtab— Film-Sealed tablets, Abbott; pat. applied for. 


. Romansky, M.J., et al., Antibiotics Annual 1955-1956, p. 48, 
. Waddington, W. S., Maple, F. C., and Kirby, W. M. M.. 


A.M.A. Archives of Internal Medicine, 1954, p. 556. 
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In experimental infections (Klebsiella, Pneumococcus, 
Streptococcus), Meth-Dia-Mer sulfonamides have been 
shown to be from three to four times more effective 
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Toxicity is minimal because normal dosage provides 
only one-third the normal amount of each sulfonamide. 
The body handles each component as though it were 
present alone, although therapeutic effects are additive. 


Terfonyl Tablets, 0.5 Gm., bottles of 100 and 1000. 
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BONADOXIN 


(brand of meclizine dihydrochloride and pyridoxine hydrochloride) 


stops morning sickness 


manifest in 3 out of every 4 pregnancies. Relief with BONADOXIN 
was over 90° in controlled studies. which termed results “good to 
. tolerance “excellent.”' Complete relief is often 
afforded “within a few hours.”* 
Each BONADOXIN tablet contains: 
In mild cases. one BONADOXIN tablet at bedtime. Severe cases. one 
tablet at bedtime and on arising. 


Supplied: Tiny pink and blue tablets, bottles of 25 and 100... 
prescription only. 


... and as pre-natal supplementation, 


Chicago ll, 
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PEACE of mind ATARAX" 


STORCAVITE 


the new, phosphate-free formula, which brings the gravida vitamin- 
mineral supplementation and full-term freedom from leg cramps.7 
Rx: one tablet t.i.d.—p.c. 

STORCAVITE® (comprehensive formula of vitamins A, B complex, C, 
D, E and of minerals, phosphate-free) 

Supplied: Orange-colored, sugar-coated tablets, bottles of 100. 


7 when due to high phosphorus intake 
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2. Groskloss, H.H. et al: Clin. Med.’ 2:885, 1955. 3. Crawley, C. R.: West. J. Surg. 
Gynec. and Obst. 8:463 (Aug.) 1956. 4. Tartikoff, G.: Clin. Med. 3:223 (Mar.) 1956. 
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THE ALCOHOLIC 


SPARINE is an agent of prompt, predictable, and potent action 
in controlling withdrawal symptoms. 

Often, in selected cases under the adequate supervision 

of the family physician, it may afford home control 

of postalcoholic agitation and hyperactivity.’ 


SPARINE is well tolerated on intravenous, 
intramuscular, or oral administration. 

Toxicity is minimal—no case of liver damage 
has been reported. Parenteral use offers 

(1) minimal injection pain; (2) no tissue necrosis 
at the injection site; (3) potency of 50 mg. per cc.; 
(4) no need for reconstitution before injection. 


Professional literature available upon request. 


1. Figurelli, FA. Indust. Med. & Surg. 25:376 (Aug.) 1956. 
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: When less potent 
antinypertensives fail... 


2 mg./kg. 


Control! 


chloride 


(chlorisondamine chloride C!BA) 


A 


SUMMIT, N. J. 


Pentolinium Hexamethonium 
2 mg./kg. | 2 mg.tkg. 


The greater potency and longer action of Ecolid can be seen in acom- 
parison of its effect with the effects of other ganglionic blockers on the 
nictitating membrane of the unanesthetized dog.’ 


Clinically, reduction in blood pressure instituted with Ecolid was 
more effective, more consistent and more prolonged at a lower 
oral dosage than with other ganglionic blockers, including hexa- 
methonium and pentolinium.?** Patients preferred Ecolid to 
hexamethonium “,.. for reasons varying from relief of constipa- 
tion to need to take fewer tablets a day.’ Ecolid is seumetetes 
in moderate, severe, even malignant hypertension. 


For complete information on dosage recommendations, man- 
agement of side effects and precautions, please write Medical 
Service Division for booklet entitled “Eeolid — A New Gangli- 
onic Blocker for Hypertension.” 


1. Plummer, A. J., Trapold, J. H., Schneider, J. A., Maxwell, 8. A., and Eorl, A. E. J. 
Pharmacol. & Exper. Therap. 115.172 {Oct.) 1955. 2. Grimson, K. S.: J AMA. 158.359 (June 4) 
1955. 3. Smith, J. R., and Hoobler, S$. W.: Univ. Michigon M. Bull. 22.51 (Feb.) 1956. 4, 
Grimson, K. S., Torazi, A. K., and Frazer, J. W., Je.: Circulation 11:733 (May) 1955. 


Supplied: Ecolid Tablets (Rotocotes),25 mg. (ivory) and 50 mg. (pink). 
ROTOCOTES (dry-compressed, coated tablets CIBA) 
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Angina Pectoris 
The Attacks Lessen and 
The Patient Loses His Kear 


Pentoxylon 


ach long-acting tablet provides the sustained coronary vaso- 
dilating effect of 10 mg. pentaerythritol tetranitrate (PETN) 
as well as the tranquilizing, anxiety-relieving and pulse-nor- 
malizing action of 1 mg. Rauwiloid® (alseroxylon). 


» Reduces incidence of attacks » Increases exercise tolerance 
» Reduces severity of attacks * Produces demonstrable ECG 
* Reduces or abolishes need for ampUOvemem 

fast-acting vasodilating drugs * Exceptionally well tolerated 
» Reduces tachycardia * Minimal side actions 


* Reduces blood pressure in hyper- * Dosage: one to two tablets q.i.d., 
tensives, not in normotensives a.c. and h.s. 


And 


for fastei relief of the acute attack 
Medihaler-Nitro- 


octyl nitrite (1%) in aerosol solution 


For faster, safer, and more lasting relief of halation equivalent to 1/100 gr. nitro- 
acute anginal attacks ... Measured-dose glycerin ... fewer side actions than amyl 


inhalation provides instantaneous coronary nitrite ... pocket-sized aerosol set ... each 
vasodilatation via the lungs ... one in- 10 cc. bottle delivers 200 metered doses. 
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A new antibacterial 
with double-spectrum action 


Pius a high degree of safety 


Gantrimycin 


Why is Gantrimycin so effective ? Because 
it provides Gantrisin plus oleandomycin 
(a new antibiotic) which mutually reinforce 
each other; and there is a high degree of safety 
plus a pronounced effect on most pathogens 


resistant to other antibiotics. 


The double-spectrum action of Gantrimycin 
is valuable against both gram-positive and 


gram-negative microorganisms. 


Dosage: Adults—2 to G tablets, four times 
daily; should be increased to 4 or 5 tablets, 
four times daily, if necessary. Children over 
3O |Ibs—1 or 2 tablets, four times daily. 
Children under 3O Ibs—1 tablet, four times daily. 


Each blue Gantrimycin tablet contains 
333 mg Gantrisin and 75 mg oleandomycin. 


Gantrisin”; Gantrimycin’ 


HOFFMANN-LA ROCHE INC « Nutley 10 © New Jersey 


for relief that lasts —longer 


VY OSTTIS 
relieves 
and 
disability 


: the usual intra-articular, 

intra-bursal or soft tissue dose 
ranges from 20 to 30 mg. depend- 
ing on location and extent of 
pathology. 
Supplied: Suspension 
T.8.4.—20 mg./cc. of predniso- 
lone tertiary-burylacetate, in 
5-cc. vials. 


Anti-inflammatory 
effect lasts longer 
than that provided 
by any other 
Steroid ester 


(13.2 days—20 mg.) 


MERCK SHARP @ DOHME 
DIVISION OF MERCK INC. 
PHILADELPHIA 1. PA. 


1. Hollander, J. L., Paper read at conference in New York City, May 31 and June 1, 1955 
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ys— mg. 
Predmsoione Acetate! (8 days— 20 mg.) | reat 
HYDELTRA-T.BA. 
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Liquid | 
Pediatric Drops 


aqueous suspension 
stabilized, solubie, no oil to block absorp- 
tion, no oily taste or repeat, remarkably 
free of side effects 


ready-to-use, no refrigeration 


freely miscible in water, milk, formula, or 
drop directly on tongue 


handy, plastic dropper bottle 


accurate dosage is easy, one drop per 
pound body weight per day 


Supplied: 10 cc. plastic dropper-type bottle 
(cherry-flavor), 100 mg./cc. 


(approx. 5 mg. per drop) 


Hydrochloride 
Tetracycline HC! Lederle 


ACHROMYCIN* Tetracycline ranks 
among the foremost in its field today... 
judged on its exceptional effectiveness 


' against a wide range of pathogens, 


prompt control of infections commonly 
seen in medical practice, low incidence 
of side reactions. These outstanding 
features have been repeatedly confirmed 
by physicians everywhere during more 
than three years of clinical usage. 


LEDERLE LABORATORIES DIVISION, AMERICAN CYANAMID COMPANY, PEARL RIVER, N. Y. > 


*Reg. U. S. Pat. Off. 


ACHROMYCIN...ACKNOWLEDGED FOR COMPETENCE 
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better tasting 
better absorbed 


better utilized 


Homagenets provide multivitamins in the 
same way as do the most nutritious foods. 
By a unique process, the vitamins are homo- 
genized, then fused into a solid, highly 
palatable form. Compare the taste of 
Homagenets with other vitamin preparations, 

Homogenization presents both oil and 
water soluble vitamins in microscopic parti- 
cles. This permits greater dispersion of the 
vitamins—thus better absorption and utiliza- 
tion. And the flavorful base assures patient 
acceptance. 


*U.S. Pat. 2676136. Other Pat. Pending 


The S. E. 


the only 
homogenized vitamins 


Advantages — 
Better absorption, better utilization 
Excess vitamin dosage unnecessary 
Pleasant, candy-like flavor 
No regurgitation, no “fishy burp” 
May be chewed, swallowed or dissolved 
in the mouth 

Three formulas: 


Prenatal Pediatric Therapeutic 
Send for samples of Homagenets. 


Taste them, and compare. 


MASSENGILL Company 


BRISTOL, TENNESSEE - NEW YORK - KANSAS CITY - SAN FRANCISCO 


in solid form 
R x 
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WHEN 
COUGH 


OCCURS with colds or allergies 


AMBENYL EXPECTORANT 


relieves cough 
and controls congestive symptoms 


contains demulcent and expectorant agents plus 
AMBODRYL® for antihistaminic action 

BENADRYL® for antihistaminic-antispasmodic effect 
Supplied: 16-ounce and 1-gallon bottles 


AMBODRYL Hydrochloride (bromodiphenhydramine hydrochloride, Parke-Davis) 
BENADRYL Hydrochloride (diphenhydramine hydrochloride, Parke-Davis) 


PARKE, DAVIS & COMPANY - DETROIT 32, MICHIGAN *© IP): 


sooe» 


Simplified dosage* 


Pectoris 


Triethanolamine trinitrate biphosphate, LEEMING, 10 mg. 


Sustained 


*Usual dose: Just 1 tablet upon arising and one before the evening meal. Bottles 
of 50 tablets. THos. LEEMING & Co., INc., 155 East 44th Street, N.Y. 17, N.Y. 
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Hypertensive Objective: ACTIVE LIVING 


... from incapacitating hypertension to a life of usefulness. 


Case History:' A.B., 42-year-old hospitalized patient with severe hypertension 
and early heart failure. Blood pressure prior to treatment was 240/160 mm. Hg. 
ANSOLYSEN was administered orally t.i.d. The dose was adjusted to the patient’s 
requirements. Blood pressure was reduced to, and stabilized at, an average level 
of 150/105 mm. Hg. There was marked symptomatic improvement, and the patient 


was able to return to work. 
1. Case history on file in Medical Department of Wyeth Laboratories. 


ANSOLYSEN 


TARTRATE Pentolinium Tartrate 
Lowers Blood Pressure 
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LIPO GANTRISIN 


‘Roche’ 


For round-the-clock therapy 
With two doses a day 


Lipo Gantrisin ‘Roche’—a new, palatable 
liguid for antibacterial therapy— offers 
three significant features: 


1. Only two doses a day needed 
in most cases 


2. Adequate twelve-hour blood levels 
after a single dose 


3. Same therapeutic advantages as 
Gantrisin ‘Roche’ 


Lipo Gantrisin® Acetyl—brand of 
acety! sulfisoxazole in 
vegetable oil emulsion 
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for a night 


restful 
sleep 


NOC-57 
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thy Squibb Quality—the Priceless Ingredient 


“*... there is no diseased state in which the capillaries 


are not detrimentally modified .. 


(HESPERI DIN COMPLEX AND ASCORBIC ACID) 


to restore and maintain ca pal lary integril y 


A basic need in diverse disorders. Numerous studies 
have disclosed that capillary fragility is a basic 
pathological finding in many disease states.?-* 
The capillary-protective lactors in Hesper-C act 
synergistically to restore and maintain capillary 

Normal capillary permeability helps limit or pre- 
vent hemorrhage and enhances utilization of 
essential tissue nutrients. 

Indications: Capillary fragility associated with cardiovascu- 
lar and cerebrovascular diseases, diabetes, hypertension, 


habitual abortion, arthritis, allergies, asthma, hematuria, 
inflammatory and edematous disorders. 


Products of Original Research 


Dosage: Initially, not less than 6 capsules o1 
teaspoonstul daily. Maintenance dose, 4 cap 
sules or teaspoonsful daily. Each capsule on 
teaspoonful (5 ml.) contains hesperidin com. 
plex 100 mg. and ascorbic acid 100 mg. 


Supplied: Capsules: in bottles of 100 and 1000. 
Liquid: in bottles of 4 07. and 12 07. 


References: 1. Martin, G. J., et al: Exper. Med. & 
Surg. /2:535, 1954. 2. Griftth, J. Q., Jr., and Lin. 
daucr, M. A.: Am. Heart J. 28:758, 1944. 3. Bari 
shaw, S. B.: Exper. Med. & Surg.: 7:358, 1949. 4, 
Epstein, E. Z., and Greenspan, b. B.: Arch. Int. 
Med. 68:1074, 1941. 3&3. Warter, P. J.. et al.: Dela- 
ware M. J. 20:41, 1948. ©. Beaser, 5S. B., et al: Arch. 
Int. Med. 77:18, 1944. 7. Greenblatt, R. B.: Office 
Endocrinology, ed. 4, Springfield, Ul... Charles C 
Thomas, 1952. 8. Gale, 1., and Thewles, M. W.: 
Ceriatrics 8:80, 1953. 9 Dresner, H. L.. et al: Am. 
Pract. & Digest. Treat. 6:912, 1955. 10. Selsman, 
J. V., and Horoschak, S.: Am. J. Digest Dis. 77°92, 
1950. 213. Loughlin, W. C.: New York J. Med. 
49-1823, 1949. 


THE NATIONAL DRUG CO. 
Philadelphia 44, Pa. 
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3 eontaining non-inhibitory intrinsic factor 
providing parenteral Bi therapy” in a tablet 


2 tablets a day provide the same rapid and intense 
@) hemopoietic response as that obtained from injectable Biz 


Biopar Forté, a new development in oral vitamin B}>2 
therapy, contains non-inhibitory intrinsic factor superior 
to the ordinary factor preparations. The non-inhibitory 
factor permits optimal absorption of vitamin B2 at ther- 
apeutic dosage levels. Thus, stated potency and actual 
hemopoietic potency are more nearly equal than in vita- 
min B12 products containing the ordinary intrinsic factor. 

Biopar Forté is also useful as an aid to nutrition, appe- 
tite, growth and convalescence; to correct deficient intes- 
tinal absorption of vitamin B2 particularly in elderly 
patients; and to relieve minor muscle and nerve pains, 


especially of neuritic origin. 
Bach Biopar Forté Sabet contains: y Supply: Bottles of 30 tablets 
itamin By with Intrinsic Factor Concen- , 
‘trate (non-inhibitory) 44 U.S.P. Unit (Oral) ® Attention: Store in a cool place 
Vitamin By (activity equivalent) 25 mcg. 
*Unitage established prior to compounding 


THE ARMOUR LABORATORIES 
A DIVISION OF ARMOUR AND COMPANY + KANKAKEE, ILLINOIS 
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in rheumatoid arthritis 


clinical evidence indicates that to augment the 
therapeutic advantages of the “predni-steroids > 
antacids should be routinely co-administered 
to minimize gastric distress 


ROUTINE 
CO-ADMINISTRATION 
MEANS 
( ed, 


CoDeltra 


Multiple 
or Compressed 
\ Tablets 


All the benefits of the 
‘“predni-steroids”’ plus | 
positive antacid action to “Ke 2.5 mg. or 5 mg. 


minimize gastric distress. a i with 

References: 1. Boland, FE. W.., | 50 mg. magnesium MOO 
J.A.M.A. 160:613 (February trisilicate and 

et ai., J.A.M.A. 1§8:454 (June 

11) 1955. 3. Bollet, A. J. et al.. hydroxide gel. 
J.A.M.A. 158:459 (June 11) PHILADELPHIA | PA 
1955. 


‘CO-DELTRA’ and ‘CO-HYDELTRA are trademarks of Merckx & Co ine. 
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OLEANDOMYGIN TETRACYCLINE 


added certainty 
in treatment 


respiratory 
infections 


new multi-spectrum synergistically strengthened antibiotic formulation 

SIGMAMYCIN adds certainty in antibiotic therapy, particularly for the 90% of patients 
treated at home or in the office where sensitivity testing may not be practical, and provides: 
a new maximum in therapeutic effectiveness, a new maximum in protection against resist- 
ance, a new maximum in safety and toleration. 

Supply: Capsules, 250 mg. (oleandomycin 83 mg., tetracycline 167 mg.). Bottles of 16 
and 100. 

and for a new maximum in palatability 

New mint-flavored Sigmamycin for Oral Suspension, 1.5 Gm. in 2 oz. bottle; each 5 cc. tea- 
spoonful contains 125 mg. (oleandomycin 42 mg., tetracycline 83 mg.). "Trademark 


Phizer Prizer Lanoratonies, Division, Chas. Pfizer & Co., Inc., Brooklyn 6, N. Y. 
_ Werld leader in antibiotic development and production 


“ ..effective...in the treatment of 
a variety of infections seen regu- 
larly by the practicing clinician...” 
including pharyngitis, bronchitis and 
other respiratory infections 

“_.. often useful in the treat- 
ment of infections due to staphylo- 
cocci resistant to one or several of 
the regularly used antibiotics” 


“side effects . . . [are] notable by 
their absence” * 


1. Carter, C. H.. and Maley, M. C.: Antibi- 
otics Annual 1956-1957, New York, Medical 
Encyclopedia, Inc., 1957, p. 51. 
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PERNICIOUS ANEMIA 


MICROCYTIC 
HYPOCHROMIC ANEMIA 
@e 
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decide 


WHEN MORE THAN A HEMATINIC IS REQUIRED, HEPTUNA 
PLUS supplies iron, vitamins and trace minerals. The 
formula, liberal in iron, folic acid and B,, content, will 
correct most microcytic anemias, of course. But more 
than that, HEPTUNA PLUS is widely useful in the com- 
monest anemia of all: anemia complicated by other 
nutritional deficiencies. 

In moderate conditions, 1 to 3 capsules daily. In se- 
vere cases, 4 or more daily. Supplied: Bottles of 100 
soft, soluble capsules. 


HEPTUNA® PLUS 


FOR ALL TREATABLE ANEMIAS, ROETINIC is formulated 


with the new intrinsic factor/B,. concentrate and high 
folic and ascorbic acids content. Aimed primarily at 
the more complicated macrocytic anemias of faulty 
hemopoiesis and those normocytic anemias due to 
hemolysis. 

Therapeutic dosage is just one capsule daily. Sup- 
plied: Bottles of 30 and 100 soft, soluble capsules. 


ROETINIC® 


FOR THE ANEMIAS OF PREGNANCY, OBRON HEMATINIC 
is a complete hematinic and prenatal supplement. 
Formula includes high iron content plus calcium, folic 
acid, By2, eight other minerals, eight essential vitamins. 


Dosage as required, usually two capsules daily. Sup- 
plied: Bottles of 100 soft, soluble capsules. 


OBRON® HEMATINIC 


CHICAGO 11, ILLINOIS PEACE of mind ATARAX” 


— 
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LYSINE-VITAMIN SUPPLEMENT LEDERLE 


outstanding 
appetite 
stimulant in 


Specify INCREMIN TABLETS to stimulate appetite in your problem- 
eater, underweight, or generally below-par patients of all ages. 


INCREMIN TABLETS are highly palatable, caramel flavored. May be 
orally dissolved, chewed, or swallowed. Dosage only | tablet daily. 


|-Lysine 100 me. 

Vitamin 25 mcgm. 

Each INCREMIN TABLET contains: Ihiamine (B; ) 10 mg. 
Pyridoxine (Be) 5 meg. 


UINCREMIN Drops contain 1° alcohol) 


Remember INCREMIN DROPS. Same formula. Cherry flavor. Can be 
mixed with milk, milk formula, or other liquid. In 15 cc. polyethy- 
lene dropper bottle. Dosage: 0.5 to 1 cc. (10-20 drops) daily. 


LEDERLE LABORATORIES DIVISION, AMERICAN CYANAMID COMPANY. PEARL RIVER. N. Y. 
Meg U.S. Pat. Off. 
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Back Issues Wanted 


(MUST BE IN GOOD CONDITION) 


THE AMERICAN JOURNAL OF MEDICINE 


will pay $1.00 per copy for 
the following issues: 


January 1948 
March 1948 
July 1948 
August 1951 
February 1953 
December 1954 
May 1955 
August 1955 
September 1955 
October 1955 


Send to 


The American Journal of Medicine, Inc. 


49 West 45th Street New York 36, N. Y. 


each Kapseal contains: 

VITAMINS 

Vitamin A 1,667 Units (0.5 mg.) 
Vitamin B, mononitrate 0.67 mg. 
Ascorbic acid 33.3 mg. 
Nicotinamide 16.7 mg. 
Vitamin Bz 0.67 mg. 
Vitamin Bs, 0.5 mg. 
Vitamin with intrinsic 

factor concentrate 0.033 USP Unit (oral) 
Folic acid 0.1 mg. 
Choline bitartrate 6.67 mg. 
Pantothenic acid 

(as the sodium salt) 5 mg. 
MINERALS 

Ferrous sulfate (exsiccated) 16.7 mg. 
lodine (as potassium iodide) 0.05 mg. 
Calcium carbonate 66.7 mg. 
DIGESTIVE ENZYMES 

Taka-Diastase® 20 mg. 
Pancreatin 133.3 mg. 
PROTEIN IMPROVEMENT FACTORS 

I-Lysine monohydrochioride 66.7 mg. 
di-Methionine 16.7 mg. 
GONADAL HORMONES 

Methy! testosterone 1.67 mg. 
Theelin 0.167 mg. 
DOSAGE: 


One Kapseal three times daily before meals. 
Female patients should follow each 21-day course 
with a 7-day rest interval. 


PACKAGING: 
ELDEC Kapseais are availabie in bottles of 100. 
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combating the 
aging complex 


promotes vigor 
and vitality 


mineral-vitamin-hormone supplement 


favorably aiters OFT) tar of 


+ vitamins and minerals 
to help maintain cellular function 


* enzymes to aid digestion 
¢ amino acids to help maintain nitrogen balance 
« steroids to stimulate anabolism 
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PARKE, DAVIS & COMPANY + DETROIT 32, MICHIGAN 
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recognized 


aSa exe) tent. specit IC anti-atl t 


established 


by over 100 million patient day 


substantiated 


n more than 7OO published report 


UTAZOLID 


(phenylbutazone GEIGyY) 


potent, specific 
anti-arthritic 


Based on an impressive background of achievement attained 


over a period of four years involving both long-term and 
short-term therapy in all the major forms of arthritis, 
BUTAZOLIDIN is recognized as one of the most effective 


anti-arthritic agents currently available. 


relieves pain 
improves function 
resolves inflammation 


with pepton ized tron 


for dependable 


hemopoietic response 


It is well-established that peptonized iron is vir- 
tually predigested. Anemias refractory to other 
forms of iron will often respond promptly to 
Livitamin. And the Livitamin formula, con- 

taining the B complex, provides integrated Iron peptonized ......... 0.42 Gm. 
therapy to correct the blood picture, and to 


improve appetite and digestion. Thiamine hydrochloride ..... 10 mg. 
| Cobalamin Conc. 

(Vitamin By, activity) ...... 20 mcg. 


EACH FLUIDOUNCE CONTAINS: 


Current studies* show Peptonized Iron 


—— 


—One-third as toxic as ferrous sulfate. 50 meg. 
—Absorbed as well as ferrous sulfate. | 
—Free from tendencies to disturb digestion. Rice bran extract ........ 1 Gm. 
60 mg. 


mucosa as ferrous sulfate.) 
—Highly effective in iron-deficiency anemias. 


*Keith, J.H.: Utilization and Toxicity of Pep- The S. E. MASSENGI LL Company 


tonized Iron and Ferrous Sulfate. Read before 
the American Association for the Advancement Bristol, Tennessee 
of Science, Atlanta, Georgia, December, 1955 New York Kansas City San Francisco 
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Rauwiloid 


A Better Antihypertensive 


... because among all Rauwolfia preparations Rauwiloid 
(alseroxylon) is maximally effective and maximally safe 
. . . because least dosage adjustment is necessary ... 


because the incidence of depression is less. . 


. because 


up to 80% of patients with mild labile hypertension and 
many with more severe forms respond to Rauwiloid alone. 


A Better Tranquilizer, too 


. .. because Rauwiloid’s nonsoporific sedative action 
relieves anxiety in a long list of unrelated diseases 
not necessarily associated with hypertension . . . with- 
out masking of symptoms... without impairing in- 
tellectual or psychomotor efficiency. 

Dosage: Simply two 2 mg. tablets at bedtime. 


Rauwiloid is recognized as basal 
medication in all grades and types 
of hypertension. In combination with 
more potent agents it proves syner- 
gistic or potentiating, making smaller 
dosage effective and freer from side 
actions. 

Rauwiloid+t Veriloid 

In moderate to severe hypertension 
this single-tablet combination per- 
mits long-term therapy with depend- 
ablystable response. Each tablet con- 
tains 1 mg: Rauwiloid and 3 mg. Veri- 
loid. Initial dose, 1 tablet t.i.d., p.c. 


After full effect one tablet suffices. 


Best first step when more potent drugs are needed 


Rauwiloid + 
llexamethonium 


In severe, otherwise intractable hy- 
pertension this single-tablet com- 
bination provides smoother, less 
erratic response to hexamethonium. 
Each tablet contains 1 mg. Rauwi- 
loid and 250 mg. hexamethonium 
chloride dihydrate. Initial dose, 4% 
tablet q.i.d. | 
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Predictable hypotensive effect—orally 


MECAMYLAMINE HYDROCHLORIDE 


INVERSINE-—a secondary amine, different 
from all other ganglionic blocking agents — 
has many clinical advantages: 1.Gives repro- 
ducible effects. 2. Is most potent of all oral 
ganglionic blockers. 3. Provides smooth and 
predictable response. 4. Is completely 
absorbed. &. Onset of action is gradual. 
6. Small oral dose gives desired hypotensive 
effect. 7. Is effective even in patients refrac- 
tory to other ganglionic blockers. 


Dosage: Initial dose, 2.5 mg. twice daily, increased by 2.5 mg. at 2-day 
intervals. Average daily dose 25-30 mg. 

Supplied: 2.5 mg. scored tablets and 10 mg. quarter-sected tablets in bot- 
ties of 100. 


INVERSINE IS A TRADEMARK OF MERCK @ CO., INC., 


MERCK SHARP & DOHME 


DIVISION OF MERCK & CO., INc., PHILADELPHIA 1, PA. 
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For the colon 


ulcerative colitis + irritable colom + mucous colitis + spastic 
colitis + diverticulitis, diverticulosis + rectospasm + diarrhea 
following G.I. surgery + bacillary and parasitic disorders 


EFFECTIVE 
relieves pain, cramps, diarrhea 
helps restore normal tone and motility 


SELECTIVE 

avoids widespread autonomic disturbance 
unusually free of “antispasmodic” side effects, 
urinary retention 


HOW CANTIL IS PRESCRIBED 
One or two tablets three times a day preferably with meals and 
one or two tablets at bedtime. 


CANTIL—TWO FORMS 
CANTIL (plain) — 25 mg. of CANTIL in each scored tablet — bottles 
of 100. 


CANTIL with Phenobarbital —25 mg. of CANTIL and 16 mg. of 
phenobarbital (Warning: May be habit forming.) in each scored 
tablet — bottles of 100. 


CANTIL is the only brand of N-methyl-3-piperidyl-diphenylgly- 
colate methobromide. 


For more detailed information, request Brochure No. NDA 16, 
Lakeside Laboratories, Milwaukee 1, Wisconsin. 


LAKESIDE 
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AN IMPORTANT CLINICAL CONSIDERATION: 


the rising incidence of moniliasis since the introduction 
of broad spectrum antibiotics 


EXAMPLE: Candida albicans (monilia) as a cause of vaginitis’ 


Trichomonas 


The use of any antibiotic may cause the troublesome and potentially serious 


complication of monilial superinfection by suppressing the bacterial flora of the 
intestinal tract and allowing monilia to proliferate. 


“Even one day of therapy may be sufficient to provoke an unfavorable chain of 


events and this fact should be kept in mind whenever a patient is to receive an oral 
antibiotic for even a minimal period of time.”” 


| ‘Trichomonas Monilia — Monilia 


MYSTECLIN IS PARTICULARLY INDICATED IN: 


the only broad spectrum antibiotic preparation with added 


protection against mon lial superinfection 


Mysteclin 


each dose is fresh 
..for complete potency 


FOLBESYN 


VITAMINS LEDERLE 


B COMPLEX + C 


Separate packaging of dry vitamins and diluent (mixed immedi- 
ately before injection) assure controlled dosage. The folic acid 
_ solution is specially prepared to preserve full potency and to serve 
for quick solution of the dried vitamins. FOLBESYN may be con- 
veniently added to standard intravenous solutions. 


Dosage: 2 cc. daily. 


Each 2 cc. dose contains: 


Thiamine HC! (B;) 10 me. 
Riboflavin (Be) 10 mg. 
Niacinamide SO meg. 
Pyridoxine HC! (Be) 5 me. 
Sodium Pantothenate 10 me. 
Ascorbic Acid (C) 300 mg. 
Folic Acid 3 me. 
Vitamin By» 1S mcgm. 


Leaterte LEDERLE LABORATORIES DIVISION, AMERICAN CYANAMID COMPANY, PEARL RIVER, N.Y. 


v. Pat. OFF. 


UNPRODUCTIVE COUGH 


sanyl 


exempt narcotic —contains dihydrocodeinone bitartrate 
‘the original syrup cocillana compound 
- delicious peach-like flavor 

in 2-ounce, 4-ounce, 16-ounce, and 1-gallon bottles 


PARKE, DAVIS 4 COMPANY + DETROIT 32, MICHIGAN 12): 


| 
» 
Sora 
q 
_ 
‘ 
“tees | 


NOW- EFFECTIVE STEROID HORMONE 
THERAPY OF RHEUMATIC AFFECTIONS 
WITH GREATER SAFETY AND ECONOMY 


PABA 


Pabalate|with 
Hydrolcortisone 


Clinical evidence 
indicates that, in 
Pabalate-HC, the 
synergistic antirheu- 
matoid effects of 
hydrocortisone, 
salicylate, para-aminobenzoate, and ascor- 
bic acid achieve satisfactory remission of 
symptoms in up to 85% of cases studied 


—with a much higher degree of safety 


FORMULA —even when therapy is maintained for 
long periods 


—at significant economy for the patient 
AVAILABLE 


Each tablet of Pabalate-HC contains 2.5 _ FOR YOUR 
mg. of hydrocortisone — 50% more potent PRESCRIPTION 
than cortisone, yet not more toxic. NOW 


A. ROBINS CO., INC. RICHMOND 20, VIRGINIA 
Ethical Pharmaceuticals of Merit since 1878 


™s 
7 _ 7 


Now available ...a new manual | 


nce 
ith cial ref 
fatty acids 


Vegetable 

Oils 

| 
= 


Oils Nutrition” 


Timely, Comprehensive, Useful . .. with special reference 
to unsaturated fatty acids 


TIMELY .. . a summary of the litera- 
ture in this important field 
COMPREHENSIVE .. . a review of 
authoritative experimental and clinical 
research pertaining to the special meta- 
bolic roles of polyunsaturated fats 


USEFUL . . . in a form suitable for 
continual reference use. Valuable to clin- 
ician, nutritionist, chemist. Bibliography 
listing all pertinent publications 

The role of dietary lipids in health and 
disease is universally assuming new im- 
portance. Evidence is accumulating that 
quality of the dietary fat may be more 
important than quantity. 

This review provides a broad perspective 
on current authoritative and clinical 
Opinions regarding the relative dietary 
characteristics of saturated and unsatu- 
rated fats... and the indispensable nutri- 
tional role of polyunsaturated fatty acids. 


Mazola is a vegetable oil 
(not hydrogenated) 
made from corn. It is 


me 
_lino- 


unsaturated ...a 


source of 
leic acid. 


ORDER YOUR COPY NOW... 


Medieal Department 

Corn Preducts Refining Co. 

17 Battery Place, New York 4, New York 
Please send me, postpaid, the new 
reference manual and monograph on 
“Vegetable Oils in Nutrition.” 


Neme_. 


Address__. — 


53 


i 
manufacturer of Mazola corn oil, will 
keep you informed of significant new 
developments in this rapidly expanding 
field. 


IN DIABETES... 


greater security 
against vascular complications 


Increased threat of vascular complications 

in diabetic patients can result from recurring 
episodes of inadequate control; at such times 
amino acids are “wasted” by de-amination 

in the liver and normal dietary security 


against lipotropic deficiency fades. 


q 


(Sherman Lipotropic Capsule) One capsule t.i.d. 


Gericaps contain the true lipo- prove capillary integrity, as 


tropics, choline and inositol, 
which are unaffected by de- 
amination in the liver. Three 
capsules daily provide the 
equivalent of 3 Gm. choline 
dihydrogen citrate. 

This dose also provides 60 
mg. rutin and 37.5 mg. ascor- 
bic acid to maintain or im- 


well as 3000 units vitamin A, 
3 mg. thiamine hydrochloride, 
3 mg. riboflavin, 12 mg. nia- 
cinamide, 0.75 mg. pyridoxine 
hydrochloride, and 3 mg. col- 
cium pantothenate. 


SEND FOR comprehensive review: 
“Prevention of Vascular 
Complications of Diabetes”’ 


ALS e 
LOG 


pire; 


RATORIES 


6 
MACEUT! 


| 
TRADE MARK 


Supplied: White, 5 mg. oral tab- 
lets, bottles of 20 and 100. Pink, 
1 mg. oral tablets, bottles of 100. 


Both are deep-scored. 


*Schwarts, Eo New York J. Med. 
56:570, 1956. 


d 


are indicated 


provides restoration of breathing capacity — Relief of symptoms 
| bronchospasm, cough, wheezing, dyspnea] is maintained for long 
periods with relatively small doses.* 

minimal effect on electrolyte balance — “in therapeutically effective 
doses ...there is usually no sodium or fluid retention or potassium 


loss.”"* Lack of edema and undesirable weight gain permits more 
effective therapy particularly for those with cardiac complications. 


Brooklyn 6, New York 


| 
| 
il 
~ 
in b hi 
* 


SYMPTOMATIC 


RELIEF...PLUS! 


ROCIDIN 


Tablets 
and. 
Syrup 


TETRACYCLINE-ANTIHISTAMINE-ANALGESIC COMPOUND 


ACHROCIDIN is particularly valuable in treating acute re- 
spiratory infections during epidemics or when questionable 
middle ear, pulmonary, nephritic, or rheumatic signs are 
present. 

ACHROCIDIN Offers early, potent therapy against such dis- 
abling complications as otitis media, sinusitis, bronchitis to 
which the patient may be highly vulnerable at this time. 
Included in the comprehensive acHrocipin formulation 
are the analgesic components recommended for prompt 
relief of common cold symptoms. 

Adult dosage for aCHRocIDIN Tablets and new, caffeine- 
free ACHROCIDIN Syrup is two tablets or teaspoonfuls of 
syrup three or four times daily. Dosage for children ac- 
cording to weight and age. 


Available on Prescription Only 
Each tablet contains: 


ACHROMYCIN® Caffeine 30 mg. 
Tetracycline 125 mg. Salicylamide 150 mg. 
Phenacetin 120mg. Chiorothen Citrate 25 mg. 


LEDERLE LABORATORIES DIVISION, AMERICAN CYANAMID COMPANY 


e, 


PEARL RIVER. NEW YORK rademark 


if \ AN te 
ts 
, 
4 
} 
Lederle) 


.. for the patient with seborrheic dermatitis of the scalp S 4 


Pleasant, simple-to-use Selsun brings quick, a 
welcome relief to scalp-sufferers. The first few 
applications control itching, burning symp- 
toms. And Selsun stops scaling in 81-87% of / 
seborrheic dermatitis, 92-95% of all com- , | 
mon dandruff cases. 


Then each Selsun application keeps the | 
scalp healthy up to four weeks. Directions ac- | 4 
company each 4-fluidounce plastic bottle of | 
Selsun. Sold only on physician's prescription=y 


Pe 
> 


®Selenium Sulfide, Abbott y { 


" 
y 
o 
: 
4 
4 
‘ 
‘ 
i * 
| 
44 
, 
™ 
} 
| | | 
NN | 
~ 
; 
P 
a 
ry 
- 


(ETHCHLORVYNOL, ABBOTT) 


NUDGES YOUR PATIENT TO SLEEP 


No abrupt onset with Placidyl: sleep comes gently, 
imperceptibly. Worries of the day vanish . . . the mind 
stops its busy spinning . . . and within the hour your 


patient is sleeping like a kitten. Nonbarbiturate. 


100-mg., 200-mg., and 500-mg. capsules, bottles of 100 Obbott 


Do you want the literature? Write to Professional Services, Abbott Laboratories, North Chicago, Illinois 


701002 


t 
‘ 


NOW AVAILABLE FOR 
DAYTIME TRANQUILIZATION 
AND SEDATION 


100-mg. and 200-mg. capsules 


Q. 
A. 


Q. 
A. Placidyl is indicated in cases of 


© 


> © 


In what ways can I use these new 
sizes of Placidyl? 

With them you can now produce any 
degree of effect from tranquilization, 
through sedation, to hypnosis. 
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Editorial 


The Sympathetic Nervous System, the 
Vascular Volume and the Venous Return 
in Relation to Cardiovascular Integration 


HE effect of the sympathetic nervous system 
¢ the circulation has long been a subject 
for investigation. In the past, most emphasis 
was placed on the role of this system in the 
regulation of arteriolar tone. This is its most 
obvious effect but recent studies have also 
emphasized the importance of the sympathetic 
system in adjusting the total vascular volume 
and, hence, venous return and cardiac output. In 
these experiments norepinephrine, which mim- 
ics sympathetic vasoconstriction, and hexa- 
methonium, which produces sympathetic inhibi- 
tion, were employed as pharmacologic tools. 

The pertinent experiments were as follows: 
A pump, with output which remained con- 
stant under marked variations in peripheral 
resistance, was substituted for the left ventricle in 
a dog.' The pulmonary drainage of blood was 
carried to a reservoir by means of a plastic 
tube inserted into the left auricle. The blood was 
pumped from the reservoir through a T-tube in 
the descending thoracic aorta. The right ven- 
tricle was left undisturbed. This preparation 
maintained normal intravascular pressures with 
an output regulated between 2 and 3 liters per 
minute. If the animal was not disturbed the 
reservoir level remained constant, showing that 
the right ventricular output was keeping pace 
with the “left” or pump output. 

If norepinephrine (which simulates sympa- 
thetic vasoconstriction in “*physiologic’’ dosages) 

‘Rose, J. C.. Broma, H. P., Hurnacer, C. A., 
Gucespm, J. Rasue, P. J. and Frets, E. D. A method 


for the study of the circulation in the dog using a me- 
chanical left ventricle. J. Appl. Physiol., 7: 580, 1955. 
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was injected into the animal there was not only 
an increase in vascular pressures but also an 
increase in the amount of blood in the reservoir. 
During the action of the drug the animal lost to 
the reservoir approximately 200 to 300 ml. of 
circulating blood volume, approximately one- 
fifth of the total blood volume in the dog. When 
hexamethonium was injected instead of nor- 
epinephrine the pressures fell throughout the 
vascular system and the animal took up 200 to 
300 ml. of blood volume from the reservoir.” 

It is obvious that following norepinephrine 
the total vascular volume of the animal de- 
creased approximately one-fifth in order for the 
excess blood to be “‘squeezed out”’ into the reser- 
voir. When the sympathetic impulses were 
inhibited following administration of the gan- 
glionic blocking agent vascular volume in the 
animal increased by a similar amount. These 
changes in vascular capacity were too large to be 
explained on the basis of arteriolar constriction 
alone, but must have included postarteriolar 
vessels as well, that is, capillaries and/or 
venules and veins. Simultaneous with the rise in 
pressures following the injection of norepineph- 
rine there was an increase in left auricular drain- 
age and pulmonary arterial pressure reflecting 
an increase in right ventricular output. It is 
axiomatic that the right ventricle cannot pump 
more blood than is delivered to it. Hence, in 
order to increase its output in the face of a con- 
stant output (pump) from the left side, the right 

? Rose, J. C. and Fress, E. D. The effects of norepi- 


nephrine and hexamethonium on the total vascular 
volume in the dog. In preparation. 
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ventricle must have received an_ increased 
venous return. This, in turn, was due to the sud- 
den decrease in vascular volume. 

These studies demonstrate that sympathetic 
stimulation produces an integrated response. 
By decreasing vascular volume, more blood 
enters the right heart, providing for an increased 
cardiac output. With sympathetic **blockade,”’ 
the opposite effects occurred; there was a fall in 
right ventricular output, systemic venous pres- 
sures and pulmonary arterial pressures, reflect- 
ing a decrease in venous return. 

Further work has confirmed and extended 
these findings in man.* When hexamethonium 
was given to hypertensive patients, who were not 
in heart failure, the arterial pressure fell, and 
with it there was a commensurate reduction in 
cardiac output. The pressures in the right 
auricle, right ventricle and pulmonary artery 
also decreased, indicating that the reduced 
output was secondary to a failure of venous 
return. In the light of the observations in the dog 
it seems reasonable to conclude that an increase 
in peripheral vascular volume accounted for the 
failure of venous return. 

The exquisite regulation of vascular volume 
by the sympathetic nervous system under normal! 
conditions was demonstrated in a simple experi- 
ment.* The sympathetic vasoconstrictor reflexes 
were inhibited with hexamethonium in a group 
of normotensive or hypertensive subjects. Sufhi- 
cient time was permitted to elapse for stabiliza- 
tion of blood pressure. A phlebotomy then 
was carried out, following which the blood was 
reinfused under pressure. With each 50 ml. of 
blood removed during the bleeding there was a 
perceptible decline of blood pressure. After 
removal of only 350 to 500 ml. of blood the 
arterial pressure had fallen by decrements to 
collapse levels. During reinfusion the blood pres- 
sure rose stepwise with each increment of blood 
replaced and, when completely reinfused, the 
level of arterial pressure also had returned to the 
preinfusion level. 


3 Freis, E. D., Rose, J. C., E. A., Hicorns, 
T. F., Kerrey, R. T., Scunaper, H. W. and Jounson, 
R. L. The hemodynamic effects of hypotensive drugs in 
man. 11. Hexamethonium. J. Clin. Investigation, 32: 1285, 
1953. 

4 Fress, E. D., Stanton, J. R., Finnerty, F. A., Jr., 
SCHNAPER, H. W., Jonnson, R. L., Ratu, C. E. and 
Wiikins, R. W. The collapse produced by venous con- 
gestion of the extremities or by venesection following 
certain hypotensive agents. J. Clin. Investigation, 30: 435, 
1951. 


Inhibition of the sympathetic vasoconstrictor 
reflexes apparently had converted the vascula- 
ture into a static system. In this system venous 
return, cardiac output and, hence, arterial pres- 
sure were dependent directly on the effective 
circulating blood volume. Withdrawals of 50 cc. 
of blood, or less than 1 per cent of the total blood 
volume, affected venous return significantly, and 
removal of less than 10 per cent produced col- 
lapse. In the presence of an uninhibited sympa- 
thetic nervous system, therefore, minor reduc- 
tions of effective circulating blood volume (1 per 
cent or less) activate the baroreceptor reflexes. 
These reflexes then reduce the vascular capacity 
by the precise amount required to restore the 
venous return and cardiac output to the level 
existing prior to the blood loss. 

Effective circulating blood volume may be re- 
duced by means other than hemorrhage. For 
example, during quiet standing more than 500 
ml. excess blood may accumulate in the lower 
extremities. In the presence of ganglionic 
“blockade” postural hypotension will result, 
due to failure of venous return. Measurements of 
the amount trapped out indicated that postural 
hypotension induced by drugs occurs not so 
much because of excessive pooling of blood in the 
lower extremities but chiefly because of failure 
of compensatory reduction in vascular volume 
throughout the body.* 

Climcal Implications. I(t has long been known 
that counterpressure, such as immersion of the 
lower body in water or application of pressure 
bandages or pressure suits, will counteract 
postural hypotension. In this case a reduction in 
peripheral vascular volume is accomplished by 
external pressure. It is less generally known 
that extravascular tissue pressure also can affect 
vascular volume. Patients with tense edema and 
hence elevated tissue pressure often are resistant 
to postural hypotension produced by the gan- 
glionic blocking agents: whereas mercurial 
diuretics and salt-restricted diets (which deplete 
extracellular fluid volume) may result in disa- 
bling postural hypotension requiring a sharp 
reduction in dosage of the blocking agent.’ For 
this reason, unless the patient is edematous it is 
advisable to permit moderate amounts of salt in 
the diet when prescribing the ganglionic block- 
ing drugs. Accumulation of extracellular fluid in 
the dependent parts of the body occurring nor- 


* Fress, E. D. Hypertension. Method of treatment. In: 
Current Therapy, p. 127. Edited by Conn, H. F., Phila- 
delphia, 1955. W. B. Saunders Co. 
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mally during the ambulatory hours of the day 
may well explain the diurnal fluctuation in 
sensitivity so often seen in patients who are 
treated with blocking agents. The dose needed 
to control the blood pressure in the afternoon 
and evening often is double and sometimes 
quadruple the morning requirement. 

The role of the sympathetic nervous system 
and its effects on vascular volume also may have 
significance in reward to congestive heart failure 
associated with a low cardiac output. Since in 
this condition the arterial pressure is normal or 
elevated despite the reduced cardiac output, it ts 
apparent that the total peripheral resistance ts 
increased. Central venous pressure is clevated, 
usually out of proportion to the increase in total 
blood volume, and there is tachycardia. It seems 
possible that some of these manifestations may be 
due to stimulation of the sympathetics through 
the “buffer nerve” mechanisms which are acti- 
vated by a reduction in cardiac output. 

A group of patients with congestive heart fail- 
ure due to various Causes were tested with hexa- 
methonium.* The drue was given intravenously 
in dosages individually titrated so as to produce 
a significant reduction in arterial pressure. In the 
patients with hypertensive and arteriosclerotic 
heart disease, and also in patients with aortic 
insufhiciency, there was immediate improvement 
in dyspnea and orthopnea as well as a decrease 
in venous pressure often associated with a fall 
in heart rate and shortening of the circulation 
time. As one might suspect, these beneficial re- 
sults were not observed in cardiac patients with 
cor pulmonale or mitral stenosis. These changes, 
as they pertain to hypertensive heart failure, 
have been confirmed since by other investi- 
gators.’* It was also shown that, in contrast 
to the hypertensive patient with compensated 
heart, patients with cardiac failure reacted to 
hexamethonium with an increase in cardiac 
output and a significant decrease in total periph- 
cral resistance.* 

This beneficial effect in congestive heart 
failure probably is produced by more than one 


*Keiry, R. T., Fees, EB. D. and Hicews, T. F. The 
effects of hexamethonium on certain manifestations of 
congestive heart failure. Circulation, 7: 169, 1955. 

’Buoren, R. R. The effects of intravenous hexa- 
methonium on venous pressure of normotensive and 
hypertensive patients with and without congestive heart 
failure. Corculation, 11: 271, 1955. 

M. H. and Orsox, W. H. Use of intra- 
venously given ganglionic blocking agents for acute pul- 
monary edema. J. A. M. A., 161: 49, 1956. 
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mechanism. Reduction of arterial pressure re- 
duces the cardiac work requirement. Decrease 
in central venous pressure and hence in right 
heart filling pressure ‘“‘unloads’” the over- 
distended right ventricle. In addition, Sarnoff 
and his coworkers recently have indicated that 
the heart can perform a given amount of work 
with less expenditure of energy at low than at 
high arterial pressures. 

This brief review has touched thus far mostly 
upon personal experiences. There have been 
many other contributors to the concepts ex- 
pressed here. Sarnoff, Berglund and Sarnoff 
demonstrated similar relationships and also have 
shown by direct measurements that systemic 
vasoconstriction produces a shift of blood volume 
to the pulmonary vascular tree, whereas sys- 
temic vasodilatation induces a shift in the opposite 
direction.'* They emphasized the importance of 
eanglionic blocking agents in the treatment of 
pulmonary edema. Several investigators have 
demonstrated that isolated venous segments in 
the intact forearm constrict after reflex sympa- 
thetic stimulation.'':'* Wood, Litter and Wilkins, 
and also Burch, have found that venous distensi- 
bility is decreased in congestive heart failure.'*:* 
\Wood also has demonstrated venoconstriction in 
the forearm in response to pooling of blood in the 
legs. '* Alexander has shown that venomotor tone 
is increased after hemorrhage.'® 

*Casze, R. B., Sarnorr, S. Braunwaip, E.., 
Srawnspy, W. N. and Taytor, Z. Hemodynamic de- 
terminants of coronary flow and myocardial oxygen 
consumption. Federation Proc., 16: 32, 1956. 

Sarnorr, S. J.. E. and Sarnorr, L. C. 
Neurohemodynamics of pulmonary edema. m. Estimated 
changes in pulmonary blood volume accompanying 
systemic vasoconstriction and vasodilatation. J. Appl. 
Physiol., 5: 367, 1953. 

't Duwacan, J. L., Love, V. L. and Lyons, R. H. A 
study of reflex venomotor reactions in man. Circulation, 
7: 869, 1953. 

Pace, E. B., Hickam, J. B., Suexer, H. O., Mc- 
Inrosa, H. D. and Pryor, W. W. Reflex venomotor 
activity in normal persons and in patients with postural 
hypotension. Circulation, 11: 262, 1953. 

Woop, J. E., Lrrrer, J. and R. W. Periph- 
eral venoconstriction in human congestive heart failure. 
Cireulation, 13: 524, 1956. 

'* Buren, G. E. A method for measuring venous tone in 
digital veins of intact man. Evidence for increased digital 
venous tone in congestive heart failure. Arch. Int. Med., 
94: 724, 1954, 

' Woop, J. E. and Ecxsretn, J. W. Peripheral venous 
and arteriolar responses to moderate reductions in effec- 
tively circulating blood volume in man. (Abstract.) Am. 
Soc. Clin. Invest., 1956. 

 Atexanper, R. S. Venomotor tone in hemorrhage 
and shock. Circulation Research, 3: 181, 1905. 
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The accumulated body of evidence indicates 
that sympathetic nervous impulses produce 
constriction not only of the arterioles but proba- 
bly of the total vasculature. The resulting 
decrease in vascular volume, by raising filling 
pressure in the right heart, restores the cardiac 
output. Thus blood loss from the central 
circulation, either externally or internally (as 
in quiet standing) is quickly compensated. This 
mechanism, which is beneficial in the normal 


individual, 


may be detrimental 


pathologic states —particularly in 


heart failure. 


in certain 
low output 
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I. Climcal Data 
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1CROSCOPICALLY, pyelonephritis is a local- 
M ized disease which may involve a part or 
parts of one or both kidneys. Although areas of 
inflammatory tissue replace the normal paren- 
chyma, many nephrons escape complete destruc- 
tion. The functional capacity of the apparently 
undamaged tubular remnants and of the solitary 
glomeruli is unknown. If any glomeruli attached 
to non-functioning tubules' contribute filtrate 
to the urine, the filtration rate per unit tubular 
function (GFR Tmpag) will be increased.*t 
Furthermore, while partially damaged tubules 
may secrete p-aminohippurate (PAH) normally 
at low plasma concentrations (1 mg. per cent, 
the level used to tneasure effective renal plasma 
flow), PAH secretion may be relatively ineffec- 
tual at high plasma concentrations (60 mg. per 
cent, the level used to measure Tmpaq). Such 
nephrons would cause Tmpay to diminish with- 
out changing effective renal plasma flow 
(ERPF). Hence, such functional deficiencies 
caused by disparities in nephron structure will 
be revealed by a significant deviation from the 
normal value of the ratios GFR Tmpay and 
ER PE “Tm rAH.- 

In unilateral pyelonephritis we postulate that 
the normal nephrons in the diseased kidney and 
the nephrons in the non-diseased mate function 
in an identical manner. Thus any measured 
difference in total function between the two 
kidneys will be due to (a) the number of 
nephrons destroyed by the infection and 


*Smith,* page 606. 


(b) the altered function of damaged nephrons 
in the diseased kidney. 

In addition to the comparison of diseased 
and non-diseased kidneys in the same patient, 
the data from the chronic pyelonephritic kidneys 
are grouped to show the effects of time, and of 
various types of urinary obstructions. 

Lastly, our data on the non-diseased kidney 
with a diseased or absent mate are tabulated to 
reveal the variations in the functional capacity 
of this kidney. The non-diseased kidney is not in 
a strict sense a normal kidney since its function 
is usually greater than one-half the mean value 
for two normal kidneys.*f} Little is known about 
the stimulus which causes the hypertrophy but 
its effect on the solitary kidney is well established. 


METHODS 


Terminology. The diagnosis, non-diseased kidney, 
was made when the kidney never caused the patient 
any discomfort and produced a_ bacteriologically 
sterile urine of which the centrifuged sediment 
showed no increase in formed elements except red 
cells.§ X-ray studies showed that, while the paren- 
chymal shadow was usually larger than normal, there 
was no obstruction or anatomic defect of the urinary 
drainage pathways in the non-diseased kidney. 

A diagnosis of quiescent chronic pyelonephritis was 
made when two or more ureteral urine samples from 
the sarne kidney contained the same bacterial species 
and many leukocytes, when calyceal distortion was 
seen in the urograms, when the patient had not had 


tSmith,? page 545. 
§ The process of ureteral catheterization always pro- 
duced macro- or microscopic hematuria. 


* From the Department of Physiology, New York University College of Medicine, the Harrison Department of 
Research Surgery of the Schools of Medicine of the University of Pennsylvania, the Urology Service of the Hospital of 
the University of Pennsylvania and the Surgical Service of the Children’s Hospital of Philadelphia. This study was 
financed by grants from the Dazian Foundation and the Commonwealth Fund, and was supported further by the Har- 


rison Department of Research Surgery of the Schools of Medicine of the University of Pe 


lvania. The major 


portion of this work was done while the senior author was a National Research Council Fellow in the Medical Sciences 
in the Department of Physiology, New York University College of Medicine. 
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a fever for at least one week, and had had symptoms 
of the disease for about a month. The most common 
symptoms were backache, chills, fever, nausea and 
vomiting 

Clinical Material. All available patients with uni- 
lateral »velonephrits were studied. For the following 
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Fic. 1. The data on the non-diseased and pyelonephritic 
kidneys are plotted separately. The inulin and PAH clear- 
ances rise and become stable in twenty-five to thirty min- 
utes. Impan varies insignificantly in the twenty-five to 
seventy minute period. 


reasons the results from two groups of patients are 
omitted from this report: (1) patients with an acute 
exacerbation of their pyelonephritis, because marked 
daily variation of the clearance values made inter- 
pretation difficult, and (2) patients with hydro- 
nephrotic kidneys,* in which the stagnant urine 
in the large renal dead space prevented the establish- 


* The progressively rising maximal tubular excretion 
of diodrast in Raaschou’s studies* may be explained by 
his use of the single injection method or by the presence 
of hydronephrosis. Equilibrium between plasma and 
ureteral urine of the test substances rarely occurs under 
these conditions. We have found, however, that only in 
hydronephrosis do the clearance values continue to in- 
crease thirty minutes after starting the intravenous infu- 
sion of the test substance. 


Michie. Michie 


ment within thirty minutes of an equilibrium be- 
tween plasma and ureteral urine of the test substances. ' 
Such an equilibrium occurred in one patient, T. M., 
three hours after starting the intravenous infusion 
of the test substances, thus the data on this patient are 
included in this report. If a foreign object, such as a 
stone, almost filled the urinary dead space, there was 
no delay in the establishment of clearance equilibrium, 
hence data from such kidneys are also included. 

Preparation. To secure an adequate flow of urine, 
fasting subjects drank a liter of water eight to ten hours 
and again one hour before the test. 

Female subjects were given 10 mg. of morphine 
thirty minutes before cystoscopy. In males 50 me. of 
procaing were injected intrathecally in such a man- 
ner as to achieve only perineal and penile anesthesia. 
When the etlect of the morphine or spinal anesthesia 
was apparent, cystoscopy was performed and a No. & 
French, mulueved, whistle-tipped ureteral catheter® 
was inserted into each ureter. After removal of the 
cystoscope a latex urethral catheter was passed to the 
bladder. The routine bladder clearance was done if 
the pauient had a solitary kidney. 

Urine Collection. The bladder was rinsed with 30 
mi. of saline and then 30 mil. of air. When the last 
drop of bladder wash fluid was expelled, the ime was 
noted and the end of each catheter transferred 
simultaneously to new, labeled, graduated cylinders. 
During clearance measurements analysis of the blad- 
der wash determined the amount of urine leaking 
around the ureteral catheters. Such a “bladder clear- 
ance’ was less than 10 and usually less than 5 per cent 
of the clearance value of the more efficient kidney. 

Blood Samples. Originally, blood samples were 
taken from a needle in the antecubital vein. Subse- 
quently, the indwelling needle was inserted in the 
femoral artery® where the concentration of the test 
substances is equal to that in the renal artery. 

Clearance Techuc. The usual procedure was fol- 
lowed in most cases. Before starting the infusion of the 
test substances a blood and a urine sample were 
collected to determine the rate of excretion of endog- 
enous material reacting to the inulin, mannitol or 
thiosulfate methods. A priming injection was followed 
by a constant infusion of the test substances. Thirty 
minutes after starting the constant infusion, a blood 
sample, then three ten-minute urine collections, and 
finally another blood sample were taken. This pro- 
cedure was repeated during the measurement of the 
maximal tubular excretion of p-aminohippurate. 

Equilibrium Clearance Technic. In seventeen patients 
at the termination of the initial urine collection, the 
priming injection was finished and the constant infu- 
sion started. In the succeeding forty-minute period fre- 
quent urine collections were obtained. These col- 
lections were terminated when the total volume of 
urine from the less efficient kidney reached 2 ml. Dur- 
ing this same forty-minute interval five blood samples 
were obtained at eight-minute intervals. At the 
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termination of this forty-minute period the usual 
clearance technic was followed. The average clear- 
ance value obtained during the standard procedure 
was equated to 100. Then each clearance value was 
expressed as a percentage of this average value. The 
values between zero and five minutes, between five 
and fifteen minutes, fifteen and twenty-five minutes, 
etc. were averaged and plotted. (Fig. 1.) The num- 
bers above the points apply only to the pyelonephritic 
kidneys and indicate the number of clearance periods 
averaged. 

Chemical Methods. Glomerular filtration was orig- 
inally measured with mannitol.’ All mannitol deter- 
minations by the periodate method have been 
corrected by subtracting 0.28 mg. of mannitol for 
each milligram of p-aminohippurate in the sample.* 
Mannitol determinations by the chromotropic 
method’ have been corrected for the 10 per cent re- 
absorbed by the tubules.'® For a short time thio- 
sulfate'' was used to measure the filtration rate. Since 
p-aminohippurate interferes with the analysis of 
thiosulfate,'* a series of correction factors were used to 
compensate for the interference of varying concentra- 
tions of PAH in the thiosulfate analysis. Subsequently, 
inulin'’:'* was used to measure the filtration rate. 

PAH** was used to measure effective renal plasma 
flow and maximal tubular excretion. 


RESULTS 
Previously we showed that the non-diseased 


kidney requires twenty-five minutes to effect a 
constant clearance of PAH and inulin after 
beginning a constant intravenous infusion of 
these substances.* This study of single kidneys 
was continued and now includes ten pyelo- 
nephritic and fifteen non-diseased kidneys, in 
which Tmpay varies from 20 to 186 per cent 
of half the mean value for two normal kidneys.** 
The clearance values for the pyelonephritic 
kidneys rise toward equilibrium more rapidly 
(Fig. 1) but they overshoot the equilibrium value 
and attain a steady state five minutes after the 
non-diseased kidneys. Although the data for 
‘Tmpan between zero and thirty minutes are not 
available, this value is constant? throughout 
the thirty- to seventy-minute interval. Thus in 
the measurement of GFR, ERPF and Tmpay 
with a suitable constant infusion of the test 
substances, an equilibrium between plasma and 
ureteral urine is established within thirty minutes 
by both the pyelonephritic and the non-diseased 
kidney. 

Chronic pyelonephritis of less than six months’ 
duration (Table 1) causes a slight decrease of all 


* Smith,’ page 545. 
t See footnote, page 180. 
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measured renal functions. This is evident when 
the opposite kidney is not affected by disease. 
Statistical analysis'* of the functional difference 
between the two kidneys reveals a significant 
diminution of GFR and a suggestive drop in 
ERPF and Tmp,, in the diseased kidney. But, 


TABLE 1 
UNILATERAL CHRONIC PYELONEPHRITIS 
OF SHORT DURATION 


Maxima! 
(;lomerular Effective Tubular 
Filtration Renal Secretion 
Rate of p-Amino- 
(ml. man, Flow | hippurate 
1.73 (ml (me. ‘min. / 
1.73 | 1.73 M4) 
Non- Non- Non 
Patient dis- Dis- dis- Dis- | dis- | Dis- 


M. M. 68.7 | 36.3 | 206 187 | 30.3 | 21.6 
K. 64 0 55.8 410 286 49.2 | 48.9 
cE. M $7.3 | 51.6 286 269 42.4 | 39.9 
43.5 | 41.0 | 227 | 234 | 51.1 | 23.4 
65 9 59 5 339 | 45.7 | 40.9 
[htlerence 

7.0 = 3.6 17.2 + 8.8 + 11.0 

Significance P<002  P<0 06 P < 0.16 
Total Renal Function 

Patients. . 992.7 17.3) $43 + 198 | 78.7 + 17.1 

Normal subjects. . 116.5 + 28.1| 640 + 164 | 78.9 + 13.2 

Comparison of means P<08 | P<06.3 P<1.0 


Note’ Uncomplicated unilateral pyelonephritis of less than six months’ 
duration. The function of the pyelonephritic kidney is always less than 
the non-diseased kidney; but there is no difference in the patients’ total 
renal function and that of the normal subjects. 


when the total renal function of these five pa- 
tients with unilateral pyelonephritis is compared 
with the normal,** there is no significant 
decrement in renal function. Therefore a com- 
pensatory increase in function of the non-dis- 
eased kidney equalizes the decrement in the 
diseased kidney, the net result being no change 
in total renal function. 

When the pyelonephritic process has persisted 
for more than six months (Table ) the ravages of 
this disease are obvious. In these patients the 
total renal function (GFR, ERPF and Tmp,q) 
is significantly less than the normal values. Thus 
compensatory increase in function in the non- 
diseased kidney fails to balance the loss in func- 
tion on the diseased side. Usually the longer the 
duration of the disease the greater the decrement 
in renal function. 

The extent of renal dysfunction in calculous 
pyelonephritis is determined by the position of 


* Smith,” page 545, mixed sexes. 
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the stone. (Table m.) Staghorn and calyceal 
stones frequently cause a minima] diminution * 
in renal function. But severe impairment of 
renal function occurs when pyelonephritis is 
associated with obstructing renal pelvic and 
ureteral stones. This fact is emphasized by the 


TABLE 
CHRONIC PYELONEPHRITIS OF LONG DURATION 
Maximal! 
Glomerular | Effective Tubular 
Filtration Renal Secretion 
Rate Plasma of p-Amino- 
(ml./min./ Flow hippurate 
1.73 M.3) | (mg./min./ 
43 M.*) 1.73 
Patient | Right} Left | Right; Left | Right; Left 
18.5 |29.6 | 68 | 109 11.6)19.1 
60.6 246 151.9 
Tr. M. 6.0 | 22.5 19 97 |—2.5] 8.4 
1.5 115.2 94 0.4; 9.1 
M. R.. 13.6 | 46.3* 58 216* 14.9/| 56.9* 
14.2 | 45.9* 62 202* 14.5} 47.2* 
45.1 | 45.0 222 221 42.8/ 37.8 
57.8 | 63.7 280 | 296 34.11 35.7 
Pyelonephritic kidney 
Long duration...... 39.9 + 21.7 174 + 107 26.8 + 13.6 
Short duration. ..... $2.8+ 7.4 263 + 57 34.9 + 11.9 
Comparison of means r <0.3 P<0.2 P<0.4 
Total renal function 
Normal subjects. ....| 116.5 + 28.1} 640 + 164 | 78.9 + 13.2 
Comparison of means} P < 0.01 P < 0.001 P < 0.001 


Note: Uncomplicated pyelonephritis of more than six months’ dura- 
tion. The decrement in renal function is greater when the disease has 
been present for more than six months. In patients with a single kidney 
the clearance values should be compared with the mean for two normal 
kidneys, as in patients, D. F., J. B., M. H.’, R. K., J. N., E. G., J. E. 
and M. G. (Tables m1, tv and v1.) 

* Non-diseased kidney. 


fourfold increase in Tmpay in patient J. M. fol- 
‘lowing ureterolithotomy, whereas complete 
division of the kidney for removal of a staghorn 
calculus in subject J. B. was unassociated with 
any change in Tmpau. 

A striking reduction in kidney function (Table 
IV) was present in our two cases of nephro- 
calcinosis associated with pyelonephritis and ero- 
sion of the rena] papillae. In neither patient was 
there any obstruction to urine flow from the 


* We cannot explain the reduced function in patient 
D. W. However, in B. S., who had a bladder stone re- 
moved fifteen years prior to this study, the marked dimi- 
nution in function may be secondary to ureterovesical 
obstruction. Although the hydroureters and hydro- 
nephrosis subsided following removal of the bladder 
stone, restoration of renal function may not have 
occurred. 
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kidney. While the daily ingestion of 3 gm. of 
sulfathiazole in one of the patients, M. S., did 
not eradicate the infection, there was a diminu- 
tion in the pyuria. This was associated in each 
kidney with an approximate 46 per cent increase 
in Tmpay vet ERPF continued to decline. There 


TABLE Ul 
CHRONIC PYELONEPHRITIS WITH STONES 


Maximal 
Lifective 
(Glomerular Tubular 
Filtration Secretion 
Plasma 
Rate : of p-Amino- 
Flow 
(ml. /min. hippurate 
— 1.73 M.?) (me. /min. / 
1.73 M.?) > 
1.73 M.*) 
Right Left Right Left | Right Left 
Staghorn and Calyceal 
150.0 
BE. C 48.0 70.5* 325 352°) 40.7 | 59.2° 
N. 36. 8 45.8% 195 226" | | 
E. M.’ 50.8*| 52.0 | 299° | 297 | 55.0% 52.0 
Pelow and Ureteral 

J.M......| 5.0 | 53.8| 27 | 258 | 4.0] 39.0 
| 23 45.0 106 165 | 15.2 | 32.4 

(25.3 4.7 97 15 7.5 |—4.6 
K. K 7.6 50.6°| 52 256° 10.4 | 54.5° 
| 122 18.5 

R. K 43.1 249 


Note: Chronic pyelonephritis complicated by stones. 
With the exception of patient D. W., staghorn and caly- 
ceal stones cause a minimal decrement in renal function. 
Pelvic and ureteral stones partially obstruct the total out- 
flow of urine and rapidly depreciate renal function. 

* Non-diseased kidney. 
is no significant alteration in renal function in 
mild nephrocalcinosis uncomplicated by pyelo- 
nephritis or by erosion of the renal papillae. 
(Tables rv and v.) 

With one exception, patient M. M., Tmpaq in 
the non-diseased kidneys (Table vi) was greater 
than 39.5 mg./minute, one-half the mean for 
two normal kidneys. In J. E., six months after 
nephrectomy, the remaining kidney functioned 
almost as well as two normal kidneys. In no case 
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did the function of one kidney exceed that of two 
normal kidneys. Generally, the poorer the effi- 
ciency of the diseased kidney, the greater the 
function of the non-diseased mate. 


COMMENTS 


Physiologic Aspects. In pyelonephritis clusters 
of inflammatory cells may partially or com- 
pletely isolate groups of normal appearing 
nephrons. Urine flow from these nephrons may 
be retarded by passing through this inflamma- 
tory ussue. If so, then such urine would arrive 
in the renal pelvis sometime after that formed 
by nephrons with non-obstructing collecting 
tubules. Accordingly, more time would elapse 
between the beginning of the test infusion and 
the achievement of a constant concentration of 
the test substance in the pelvic urine, that is, the 
clearance equilibrium time would be pro- 
longed. But the clearance equilibrium time is 
almost identical for the pyelonephritic and the 
non-diseased kidney. (Fig. 1.) Thus nephrons 
surrounded by inflammatory tissue either form 
an insignificant amount of urine or excrete urine 
as rapidly as the uninvolved nephrons. 

In other areas linear infiltrates of inflamma- 
tory cells obliterate peritubular capillaries, 
and separate, compress and damage tubules 
without apparently affecting the neighboring 
glomeruli. Theoretically, such glomeruli would 
add to the pelvic urine unaltered or partially 
processed filtrate which would increase the 
GFR Tmp,y ratio. But statistically, the GFR/ 
Tmpan ratio of the pyelonephritic kidney 
(1.36 + 0.45, n = 18) is practically the same 
(P < 0.8) as that of the non-diseased kidney 
(1.32 + 0.43, n = 13). (Table vu.) Again, theo- 
retically, the damaged or compressed tubules 
may not effectively excrete PAH at high blood 
concentrations. The urine they produce would 
increase the ERPF/Tmp,ayq ratio. However 
there is no statistical difference* (P < 0.4) in 
the ERPF/Tmpay ratio between the pyelo- 
nephritic (6.82 + 1.88, n = 18) and the non- 
diseased kidney (6.35 + 1.69, n = 13). (Table 
vu.) This indicates, as others have shown,*!*:'§ 
that glomerular and tubular function as well as 
effective renal plasma flow maintain the same 
proportions in the pyelonephritic and non- 


diseased kidney. 


* Nor is there any significant difference (P < 0.4) in 
the GFR/ERPF ratio of the pyelonephritic (20.0 + 3.4, 
n = 18) and the non-diseased kidney (21.0 + 5.0, 
n = 13). 
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This identity of the functional characteristics 
of the diseased and non-diseased kidney indi- 
cates that the working units in each kidney are 
similar. Thus the pyelonephritic kidnev, when 
Tmpan is greater than 10 mg./minute, is less 
efficient only because it contains fewer function- 


TABLE IV 
MEDULLARY NEPHROCALCINOSIS 
Effecti Maximal 
Glomerular Tubular 
Filtration Secretion 
Rate of p-Amino- 
Flow 
(ml. /min. / hippurate 
Patient | 4.73 M.2) (mg. /min. / 
1.73 M.?) 
Right Left | Right! Left | Right} Left 
Pyelonephritis 
M.S 15.8 | 62.1 | 126 281 9.9 | 27.0 
20.2 | 47.7 | 110 246 | 11.4] 29.2 
16.5 | 42.9 85 208 | 14.7 | 38.7 
No Pyelonephritis 
M. R.’: 
Upper. . 8.8; 8.3 53 52 5.7) 4.8 
Lower...| 21.1 | 66.0 139 414 | 26.3 | 36.4 
753 63.6 
137 565 49.0 
101 429 77.0 


Note: When nephrocalcinosis is complicated by pyelo- 
nephritis with pyramidal erosion, renal function is severely 
impaired. In the absence of pyelonephritis, little or no 
diminution in renal function occurs unless there are more 
than 50 calcific particles in each pyramid (second ex- 
amination of patient J. L.). 

* Figures in italics indicate determinations for both 
right and left kidneys. 


ing nephrons. If these conclusions are valid, then 
at the same moment the concentration of the test 
substances would be identical in the pelvic urine 
of each kidney in a patient with unilateral 
pyelonephritis. This criterion was satisfied* in 
seven of the eleven patients with a pyelonephritic 
and a hypertrophic non-diseased kidney.'? Ac- 
cordingly, in these seven patients the degree of 
nephron hyperactivity must be equivalent in 
both the diseased and non-diseased kidney.*° 


* By “‘identical’’ we mean that the concentration of the 
test substances in the pelves of the two kidnéys was 
within +5 per cent of their mean value. 
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TABLE V 
MEDULLARY NEPHROCALCINOSIS WITHOUT PYELONEPHRITIS 
(FUNCTION COMPARED WITH NORMAL) 


Patient Date Rate 
(ml. /min.) 
1/14/47 104. 
116.5 + 28.1 (n 


Glomerular Filtration 


Maximal Tubular 
Effective Renal Plasma Excretion of p-Amino- 


Flow 


hippurate 

(ml. /min.) (mg. /min.) 
658 | 42.8 
753 63.6 
429 71.0 
613 + 168 69.3 + 4.7 

50) 640 + 164 (n = 40) 78.9 + 13.2 (n = 40) 
0 267 1.226 

0.8 0.3 


Note: Each datum is the average of three consecutive urine collection periods and is corrected to a surface area of 


1.73 M.? Each patient appears once. 


* In this patient data from the first study were used. At that time there were 2 or 3 calcific deposits in each renal 
pyramid. At the last examination, two years later, there were 50 to 100 calcific deposits in each pyramid. 


‘TABLE VI 
NON-DISEASED KIDNEYS 


Maxima! 
Glomerular Effective ‘lubular 
Filtration Renal Secretion 
Patient Rate Plasma of p-Amino- 
(ml. /min./ hippurate 
| 1.73 M.32) (ml./min./ (mg. min. 
1.73 M.?2) 
1.73 
64.0 310 49 2 
50.6 256 54 
57.3 286 42 4 
M. H.. 43.5 227 51.1 
E.G... 69 6 317 40 7 
65.9 362 45.7 
45.8 236 46 2 
50.8 269 55.0 
95.6 564 73.5 
73.9 496 69 8 
233 42 6 
M.G 84.0 498 49 ] 
M. R 46 3 216 56.9 
45.9 202 47 2 
Mean | 
Non-diseased kidney....| 60.9 + 12.6 303 + 98 | 48.0 + 9.1 
58.3+14.1| 320+ 82 | 39.5 + 6.6 


2 


Note: Hypertrophic non-diseased kidneys. In calculating the mean 
each kidney appears once. When a kidney was restudied the second ex- 
amination is used in the summation for the mean. The standard devia- 

2 norma! kidneys 


tions for are obtained from the data on normal sub- 


jects (each subject theoretically has two normal kidneys) by assuming 
that the coefficient of correlation is the same. 


Clinical Aspects. Incomplete obstruction to 
urine flow from an entire kidney accelerates the 
renal damage caused by pyelonephritis.*! The 
obstructed kidneys of the patients with pelvic 


and ureteral stones (Table m1) reveal marked 
deterioration of the measured renal functions. 
Conversely, partial blockage from a segment of 
the kidney by a staghorn or calyceal stone causes 
only a slight decrease in renal efficiency. (Table 
m and M. R.’, J. L. and B. E., Table rv). 
Roentgen evidence suggests that pyramidal, 
calyceal and, frequently, staghorn stones cause 
no apparent obstruction to urine flow. In the 
patients studied when pyelonephritis is com- 
bined with partial obstruction to urine flow from 
a segment of the kidney, for example, calyceal 
stone, there is a slow regression in renal eth- 
ciency. But when pyelonephritis is associated 
with ureteral obstruction, there is a rapid deg- 
radation in renal function. 

Erosion of the renal pyramids effectively 
reduces the functional capacity of the kidney 
(M.S. and J. N., Table 1v). With pyramidal 
erosion there is probably destruction of all 
nephrons with loops descending into the ulcer- 
ated pyramids.** When this destruction is 
coupled with constricted and obstructed col- 
lecting tubules, marked deterioration of renal 
function must occur. 


CONCLUSIONS 


In the chronic pyelonephritic and the non- 
diseased kidney equilibrium between plasma 
and ureteral urine of inulin and p-aminohip- 
purate occurs within thirty minutes. The equi- 
libration time is independent of over-all renal 
function and indicates that there is no delayed 
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TABLE Vu 
CLEARANCE RATIOS 
MUTUAL COMPARISONS OF NON-DISEASED, PYELONEPHRITIC AND NORMAL KIDNEYS 
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Mean 


Mean 


7/23/45 
10/24/45 
5/20/46 
6/17/46 
9/16/46 
7/ 2/46 
1/13/47 
3/31/47 
9/30/46 
6/47 
3/ 1/49 
11/ 2/47 
11/11/47 


Comparison with normal kidneys: 


PP ELEN 


< 


| 


7/23/45 
10/24/45 
5/20/46 
7/ 2/46 
9/30/46 
9/12/49 
9/12/49 
4/ 8/46 
12/22/47 | 
11/25/47 | 
3/ 1/49 
11/21/45 
1/13/47 
3/31/47 
11/ 6/47 
6/17/46 
1/ 5/47 
1/ 5/47 | 


Comparison with normal kidneys: 


Date | 


GFR/ER 


Non- Diseased Kidneys 


31.8 
20.6 
20.0 
19 8 
22.0 
19.2 
19.4 
17.0 
18.2 
30.6 
22.7 
14.9 
16.9 


Normal Kidneys 


18.2 + 4(n = 40) 


2.014 


Pyelonephritic Kidneys 


ERPF/Tmpau 


t 


6.35 + 1.69 (n = 13) 


UW & 


8.28 + 2.2 (mn = 41) 


6.82 + 1.88 (n = 18) 


Note: Each datum is the average of three consecutive urine collection periods and is corrected to a surface area of 
1.73 M.? Each patient appears once. In repéat studies only the data from the last experiment are used. 


FEBRUARY, 


M. M. 7 13 
0 30 
M. 5 75 
K. K. 28 70 
G. ] 79 
M. H. 44 
N. 9] 11 
bE. M. 24 44 
S. H. 4 92 
DD. W. 7 47 
M. R. 72 28 
M. G. i4 
21.0 + 5.0 1.32 43 
Bins 1.705 2.851 
1. 2.61 66 
1.14 85 
1.29 74 
| 1.45 29 
r) 1.70 21 
1) 29 
1.22 03 
59 
1.93 
0.979 27 
1.11 87 
Mean 20.0 + 3.4 1.36 + 0.45 
P less 0.2 0.2 0.02 
Comparison with non-diseased kidneys: 
157 
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excretion from a large number of nephrons in 
the diseased kidney. 

Statistical comparison of the filtration rate per 
unit of tubular excretory tissue (GFR,/Tmpan), 
the filtration fraction (GFR,/ERPF) and the 
effective renal plasma flow per unit of tubular 
excretory tissue (ERPF,/“Tmp,q) shows no signif- 
icant difference between the diseased kidney 
and its non-diseased mate, and indicates that in 
chronic pyelonephritis complete loss of nephron 
function predominates over specific impairment 
of glomerular or tubular function. 

Hypertrophy of non-diseased nephrons in 
both kidneys tends to compensate for the slight 
decrease in kidney function associated with 
pyelonephritis of short duration. When this 
disease has been present for more than six 
months, hypertrophy fails to balance the func- 
tional deficit. 

When a stone partially obstructs the uretero- 
pelvic junction or the ureter of a pyelonephritic 
kidney, it accelerates the regression of renal 
function. However if the stone is anchored in a 
calyx the regression in renal function is less 
rapid, and may indeed occur very slowly. 

Erosion of the renal pyramids was associated 
with an extensive reduction in renal function 
in the two cases studied. 

In unilateral renal disease the increase in func- 
tion of the non-diseased kidney suggests that the 
degree of hypertrophy of the various undamaged 
nephrons is not uniform. Generally, the greater 
the diminution in function of the diseased kidney, 
the greater the degree of hypertrophy in the non- 
diseased mate. Neither the function of a solitary 
non-diseased kidney nor the combined function 
of the non-diseased plus the pyelonephritic 
kidney in the same patient has ever been 
observed to exceed the function of two normal 
kidneys. 


CASE REPORTS 


M. M., a thirty-five year old woman with a surface 
area of 1.41 M.*, had a ptotic right kidney. In this pa- 
tient back pain developed at the right costovertebral 
angle, associated with fever, pyuria and bacilluria 
eight weeks before the clearance examination. Within 
two weeks of the onset, a sulfonamide drug had con- 
trolled the infection and pain. The clearance was done 
on July 23, 1945. 


K. C., a twenty-eight year old woman with a sur- 
face area of 1.84 M.? and a blood pressure of 125/80, 
showed roentgenographic evidence of slight anatomic 
obstruction of the right urinary tract. She complained 

> 


of pain in the right flank, urinary urgency and fre- 
quency of ten weeks’ duration. While this patient had 
been asymptomatic for two weeks prior to the kidney 
test, Escherichia coli was cultured from the right 
kidney urine despite protracted and continuous 
sulfonamide therapy. The clearance was performed on 
October 24, 1945. 


E. M., a fifty-two year old man with a surface area 
of 1.94 M.* and a blood pressure of 132/80, had a 
small left ureteral stone associated with renal colic for 
thirty days prior to the insertion of a left ureteral 
catheter. One day later chills, fever and a constant 
ache in the left flank developed which disappeared 
three days after the catheter was removed. The stone 
passed shortly after the catheter was withdrawn. At 
that time the patient was given penicillin and a sul- 
fonamide. The renal clearance was _ performed 
May 20, 1946, eight days after the symptoms had 
disappeared. 


M. H., in this sixteen year old girl with a surface 
area of 1.49 M.* and a blood pressure of 120/80, 
urinary frequency, chills, fever and pain in the left 
flank developed five months postpartum. The symp- 
toms disappeared two days after sulfonamide therapy 
was begun. X-rays revealed a slight obstruction at the 
ureteropelvic junction without hydronephrosis. The 
clearance was done on July 2, 1946, one month after 
the symptoms had disappeared. 


S. H., a twenty-nine year old man with a surface 
area of 1.73 M.* and a blood pressure of 112/74, 
suddenly experienced a colicky pain in the right 
flank forty days prior to the kidney study. Following 
the insertion of a right ureteral catheter for forty-eight 
hours asymptomatic right bacilluria and pyuria oc- 
curred. Nine days later, on September 30, 1946, 
clearance measurements were made. 


S. S., a thirty-three year old woman with a surface 
area of 1.58 M.* and a blood pressure of 225/155, had 
a horseshoe kidney. Following a septic abortion in 
1928, an intractable bilateral kidney infection de- 
veloped. The patient’s hypertension was recognized 
in 1930. Except that the ureters crossed the joining 
renal segment anteriorly, no anatomic obstruction to 
urine flow was evident. The clearance was done on 
October 8, 1945. 


D. F., a twenty-two year old man, had a right 
nephrectomy in 1938 because of marked hydro- 
nephrosis. Subsequently his chronic left pyelonephritis 
was complicated by a renal stone which was excised. 
A left ureteral stricture occurred and had to be dilated 
periodically during the next two to three years. A 
bladder stone developed and was removed in 1945, 
Since 1943 there was no x-ray evidence of obstruction 
to urine flow from the left kidney. In December, 1945, 
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a prostatic median bar was excised. Then chemo- 
therapy of three months’ duration eradicated the uri- 
nary tract infection by April, 1946. The initial clear- 
ance was done on October 10, 1945, when the surface 
area was 1.90 M.* and the blood pressure was 1 30, 85; 
the second clearance on October 17, 1945, when the 
surface area was 1.90 M.* and the blood pressure 
145/85; and the third clearance on April 8, 1946, 
when the surface area was 1.98 M.? and the blood pres- 
sure was 130/82. 


T. M., a twenty-three year old man with a surface 
area of 1.73 M.* and a blood pressure of 130/82, hada 
megalobladder, bilateral hydroureters and hydro- 
nephrosis because of a urethral valve. Following a 
perineal urethrostomy the bladder became small but 
there was no contraction of the hydroureters or hydro- 
nephrosis. Clearances were done to see if urinary 
excretion would be constant after a three-hour equili- 
bration period during which the blood concentration 
of the test substances was kept constant. Because 
clearance equilibrium had been established we in- 
cluded the data on this patient. The initial clearance 
was performed on February 4, 1946, and the second on 
April 1, 1946. 


M. R., a fifty-five year old woman, first noted 
pyuria in 1943. Since then she had experienced bi- 
monthly or monthly episodes of malaise and gen- 
eralized weakness. A sulfonamide was administered 
in 1947 and her symptoms and bacilluria disappeared 
by December of that year. The iniual clearance was 
done on January 27, 1948, when the surface area was 
1.79 M.* and the blood pressure was 132/84; the 
second clearance was performed on March 1, 1949, 
when the surface area was 1.76 M.* and blood pressure 
was 144,82. 


E. B., a twenty-nine year old woman, experienced 
chills, fever and urinary frequency about two weeks 
after delivery of her second child. Following therapy 
the symptoms disappeared for two months but re- 
curred three months prior to the first kidney test. In 
spite of therapy the bacilluria persisted until October, 
1948. X-ray studies failed to demonstrate an obstruc- 
tive uropathy. The initial clearance was done on 
May 27, 1948, when the surface area was 1.55 M.? and 
the blood pressure was 134/90; the second clearance 
was performed on September 12, 1949, when the sur- 
face area was 1.60 M.* and the blood pressure was 
132/84. 


J. B., a fifty-two year old man, had a right nephrec- 
tomy for a staghorn calculus in 1927. He was asympto- 
matic until 1939 when a throbbing ache developed in 
the left flank associated with intermittent chills and 
fever. These symptoms disappeared following the 
removal of a staghorn calculus from the left kidney on 
October 15, 1945. The initial clearance was done 
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during an asymptomatic interval on October 5, 1945, 
when he had a surface area of 1.72 M.? and a blood 
pressure of 110/70; the second clearance was per- 
formed on November 21, 1945, when the surface area 
was 1.74 M.? and the blood pressure was 130/85. 


E. C., a fifty-two year old man with a surface area of 
1.61 M.? and a blood pressure of 160/100, had vague 
ache in the right flank of several years’ duration. A 
small stone, 1 cm. in diameter, was adherent to the 
renal pelvic mucosa near a pyramid. It caused no 
obstruction to the flow of urine. At the time of the 
kidney tests on January 10, 1947, the urine was 
bacteriologically sterile. 


N. T., a fifty-four year old man with a surface area 
of 1.86 M.? and a blood pressure of 124/84, had two 
stones in his right kidney as seen on x-ray films taken 
in 1932. Each stone, measuring approximately 1 cm. 
in diameter, was in a calyx. Reexamination in 1947 
showed that they had not changed. They had caused 
no symptoms. At the time of the tests on January 13, 
1947, the urine was free of bacteria. 


E. M.’, a forty-five year old man with a surface area 
of 1.64 M.?* and a blood pressure of 105/70, had symp- 
toms of pain in the right upper quadrant associated 
with sporadic episodes of terminal hematuria for 
fifteen years. A large staghorn calculus filled most 
of the renal pelvis and infundibula in an x-ray film 
taken in 1945. The roentgenographic picture in 1947 
was similar to that in 1945. The clearance was done 
on March 31, 1947. 


D. W., a sixty year old man with a surface area of 
1.92 M.?* and a blood pressure of 120/75, had a caly- 
ceal stone in all but two infundibula of the right kidney 
since 1943. During the four-year period prior to the 
renal clearance measurements, he had _ repeated 
episodes of pain in the left costovertebral angle and 
flank associated with chills, fever and pyuria. The tests 
were done on November 6, 1947. 


B. S., a fifty-three year old woman with a surface 
area of 1.63 M.* and a blood pressure of 128/68, had 
a bladder stone removed thirteen years prior to the 
clearance test. At that time the patient also had 
hydroureters and hydronephrosis. Subsequently, the 
development of bilateral staghorn calculi obliterated 
the increased renal dead space. Although the pyuria 
and bacilluria persisted, she was asymptomatic. The 
renal clearance was performed on May 10, 1949. 


J. M., a fifty-seven year old man, had right renal 
colic for four weeks before he came to the hospital. 
X-ray films showed bilateral staghorn calculi and a 
large calculus lodged in the right ureteropelvic junc- 
tion. The latter stone was excised one week after the 
first clearance test. The initial clearance was done on 
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September 20, 1945, when the surface area was 1.75 
M.* and the blood pressure was 150,80; the second 
examination was done on November 16, 1945, when 
the surface area was 1.75 M.* and the blood pressure 
was 150/88. 


P. V., a forty-five year old man with a surface area 
of 1.37 M.* and a blood pressure of 110,85, had spon- 
taneously passed many stones during a twenty-year 
period. Many nephro- and ureterolithotomies had 
been done on each side during this same period. The 
patient spontaneously passed a right ureteral calculus 
two weeks before the clearance test which was done 
on October 31, 1945. 


K. K., a forty-nine year old woman with a surface 
area of 1.70 M.* and a blood pressure of 120/72, had a 
right staghorn calculus whose intrapelvic protrusion 
obstructed the ureteropelvic junction. The clearance 
was performed on June 17, 1946, six weeks after 
removal of the intrapelvic portion of the stone. 


H. S., a sixty-eight year old woman with a surface 
area of 1.65 M.* and a blood pr -ssure of 190, 90, had a 
right staghorn calculus whose intrapelvic protrusion 
occluded the ureteropelvic junction. X-ray films first 
demonstrated the stone nine years previously. At the 
time of the clearance on October 7, 1946, very little 
urine drained through the right ureteral catheter. An 
intravenous urogram failed to show dve excretion on 
the right side. 


M. H.’, a sixty year old woman, had a large intra- 
pelvic right renal stone which blocked the uretero- 
pelvic junction. A nephrostomy was performed but 
little or no urine drained through the tube. No stones 
or obstruction to urine flow were present on the left. 
There were many leukocytes and bacteria in the urine 
obtained from the left kidney. A parathyroid adenoma 
was removed one week after the first renal clearance 
which was done on November 18, 1947, when the 
patient's surface area was 1.54 M.? and the blood pres- 
sure was 122/80. The second examination was done on 
December 22, 1947, when the surface area was 1.6] 
M.? and the blood pressure 126/89. 


R. K., a fifty-three year old man with a surface area 
of 1.66 M.* and a blood pressure of 138/72, had a large 
cancer of the bladder which completely occluded the 
right and partially occluded the left ureteral orifices. 
The right kidney was removed eight months before an 
indwelling catheter was inserted in the left ureter. The 
clearance tests were performed on November 25, 1947, 
three weeks after intubation of the left ureter. During 
this period the hydronephrosis subsided but the 
pyelonephritis continued. 


M. S., a forty-eight year old woman, for many years 
had passed spontaneously ureteral calculi associated 


with pain in the right or left flank. X-ray films showed 
that the pyramids were replaced by cavities which ex- 
tended deeply into the medullary substance, which 
was dappled with calcific particles. Following the first 
clearance the patient was given 1.0 gm. of sulfathiazole 
every eight hours. The pyuria and bacilluria di- 
minished but did not disappear. The patient was 
asymptomatic except when the medullary calcific 
particles passed through the ureters. She did not have 
diabetes. At the time of the first clearance on June 
24, 1946, the surface area measured 1.80 M.? and the 
blood pressure was 125 85; the second clearance was 
done on July 24, 1946, when the surface area was 1.80 
M.* and the blood pressure was 120, 85; and the third 
was performed on January 5, 1947, when the surface 
area was 1.86 M.* and blood pressure was 140/80. 


J. N., a twenty-one year old woman with a surface 
area of 1.18 M.* and a blood pressure of 105/60, ap- 
parently had uninfected spotty medullary nephro- 
calcinosis as seen on x-ray films taken eight years 
before the clearance examination which was _per- 
formed on December 4, 1947, (no cultures reported). 
Eventually, complete erosion of the medulla occurred 
associated with spontaneous passage of many stones. 
Occasionally, adherent stones grew and filled the cavi- 
ties of the eroded medullas. On the right side stones 
replaced most of the renal parenchyma and this kid- 
ney was excised. On two occasions stones had been 
excised from the left kidney. The patient was asympto- 
matic except when stones were passing through the 
ureter. The duration of the infection was unknown. 
Probably because of the numerous operations four or 
five different bacteria were found in the urine. 


M. R.’, a thirty-six vear old woman with a surface 
area of 1.64 M.* and a blood pressure of 120, 80, had 
no symptoms of renal disease. This patient had four 
separate kidneys and ureters. Clearance tests were 
done on January 14, 1947. 


J. L. had polydipsia since birth and ingested 4 to 
8 gm. of sodium citrate daily to prevent the develop- 
ment of acidosis. Urine cultures were always bacterio- 
logically sterile. With the passage of time the sodium 
citrate requirement diminished. On the initial ex- 
amination, November 28, 1949, when she was three 
years old, there were two to three calcific particles, 
and at the last study, October 15, 1951, when the 
patient was five years old, there were 50 to 100 calcific 
particles in each renal pyramid. On the first examina- 
tion the surface area was 0.667 M.* and the blood 
pressure was 100/70; on the second examination the 
surface area measured 0.805 M.* 


B. E., a sixteen year old boy with a surface area of 
1.28 M.* and a blood pressure of 120, 80, was asympto- 
matic. Nephrocalcinosis was accidently discovered 
when an abdominal x-ray film was obtained for other 
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reasons. Renal clearances were done on March 11, 
1952. 


_E. G., a thirty-seven year old man with a surface 
area of 1.86 M.* and a blood pressure of 150/94, had a 
right nephrectomy one month prior to the renal clear- 
ances which were done on September 16, 1946. This 
patient was not classified as a hypertensive because his 
blood pressure was elevated only during the clearance 
tests. 


J. E., a twenty-eight year old man, had a right 
nephrectomy one week before the first examinations 
were made. At the time of the initial clearance, Octo- 
ber 15, 1947, the surface area was 2.06 M.* and the 
blood pressure was 130/75. At the last study, Novem- 
ber 2, 1947, the surface area was 2.05 M.* and the 
blood pressure measured 126, 68. 


M. G., a forty-seven year old woman with a surface 
area of 1.50 M.* and a blood pressure of 122, 80, had 
her right kidney removed two weeks before the clear- 


ance studies which were performed on November 11, | 


1947. 
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Kidney Function in Unilateral Pyelonephritis’ 


II. Physiologic Interpretations 


ALEXANDER J. MICHIE, M.D., CATHARINE R. MICHIE, M.D. and Marie C. RAGNI, B.A. 
Philadelphia, Pennsylvania 


. the previous paper Michie and Michie’ 
presented evidence indicating that chronic 
pyelonephritis may completely destroy small or 
large segments of renal tissue, leaving other seg- 
ments essentially intact. The evidence indicates 
that damaged nephrons eventually become non- 
functional, or are repaired and operate in a nor- 
mal manner. In unilateral pyelonephritis hyper- 
trophy of nephrons in the non-diseased kidney 
and also of residual functional tissue in the dis- 
eased kidney tends to restore total renal function 
toward the normal level.':* In this process the 
glomerular filtration rate (GFR) and effective 
renal plasma flow (ERPF) in the diseased and 
non-diseased kidney maintain the same relation- 
ship to the residual functional tubular tissue, 
measured as ITmpaqg. This fact does not, how- 
ever, exclude the possibility that both the dis- 
eased and contralateral kidneys may possess 
aberrant functional relationships as a result of 
the unilateral disease or of the hypertrophy. The 
following study was undertaken to examine this 
question by comparing the renal functional 
relationships found in patients with pyelonephri- 
tis with those reported in normal subjects. 


METHODS 


The patients reported here are the same as those 
cited in our previous paper,' where we also described 
the clinical methods and the renal clearance pro- 
cedures. In order that the clinical history and basic 
data may be readily transferred from our previous re- 
port to this one, each kidney is identified by a unique 
symbol as shown in Figure 1. 

Statistical Background Afforded by Normal Subjects. 
The primary features of renal function measured here 


(GFR, ERPF and Tmpau) have been summarized for 


normal subjects by Smith.’ He also has made avail- 
able a statistical analysis* t which permits the compari- 
son of function in the diseased kidney with that of 
normal subjects in terms of the regression of any one 
function in relation to any other. The background 
parameters (Fig. 2)*} show the mean normal value, M, 
of the ratio GFR/ITmpag, with plus and minus twice 
the standard deviation, ¢. The parameters (Fig. 3)*§ 
similarly show the mean normal value, M, plus and 
minus 2¢ for the ratio ERPF/Tmpaun. The ellipse 
(Figs. 2 and 3) represents the area within which 70 
per cent of the observations on total renal function 
in normal subjects may be expected to fall by chance 
alone. If glomerular, tubular and vascular functions 
were affected equally by disease, the observations on 
the diseased kidneys would be expected to fall be- 
tween the regression lines, M + 20, and to be equally 
distributed above and below the mean. 

In unilateral studies in normal subjects each func- 
tion would be reduced to approximately one-half the 
normal value, but without reduction of the relative 
magnitude of the standard deviation, that is, the coefh- 
cient of variation would remain the same. Thus by 
relating unilateral observations in pyelonephritis to 
the normal parameters we can examine the effects 
of disease on the non-diseased kidney as well as on the 
diseased organ. 

For purpose of reference (Figs. 2 and 3) one-half 
the normal value*f for two kidneys may be taken as: 
GFR = 58.3 + 14.1 ml./minute, ERPF = 320 + 82 
ml./minute, and Tmpag = 39.5 + 6.6 mg./minute. 
All values are expressed per 1.73 M.? body surface 
area. In unilateral studies the normal values of the 
functional ratios|| are expected to remain unchanged 


t Smith,’ page 545. 

t Smith,’ Figure 101. 

§ Smith,’ Figure 102. 

|| These means and standard deviations are taken from 
the table summarizing the data on mixed sexes (Smith* 
Table xu, pp. 544-545). 


* From the Department of Physiology, New York University College of Medicine, the Harrison Department of 


Research Surgery of the Schools of Medicine of the University of Pennsylvania, the Urology Service of the Hospital of the 
University of Pennsylvania, and the Surgical Service of the Children’s Hospital of Philadelphia. This study was financed 
by grants from the Dazian Foundation, the Commonwealth Fund, and the Harrison Department of Research Surgery of 
the Schools of Medicine of the University of Pennsylvania. A major portion of this work was done while the senior 
author was a National Research Council Fellow in the Medical Sciences in the Department of Physiology, New York 
University College of Medicine. : 
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and are taken as: GFR/Tmpan = 1.54 + 0.4, 
ERPF/Tmpan = 8.28 + 2.2 and GFR/ERPF = 
18.2 + 4.0. 


The data obtained from diseased kidneys (Figs. 2, 
3, and 4) are shown as symbols without protruding 
lines, data on the contralateral, non-diseased kidneys 
as symbols with protruding lines. Each symbol repre- 
sents the average of three or more consecutive urine 
collection periods. Connected symbols indicate simul- 
taneous determinations. Repeat examinations are 
plotted separately. 


RESULTS 


In order to compare the normal with the ab- 
normal kidney, the variable functions must be 
related to a reasonably constant function of each 
kidney. While the filtration rate and renal blood 
flow are physiologically labile, Timp, y is stable. 
We also consider that Tmpau reflects the total 
quantity of functional proximal tubular tissue in 
the kidney. Accordingly, by expressing glo- 
merular filtration and renal blood flow in terms of 
Tmpan, we can contrast the normal kidney with 
the pyelonephritic and with the non-diseased, 
usually hypertrophic, contralateral kidney. 

Effects of Disease on Tmpan. In 84.8 per cent 
of thirty-three pyelonephritic kidneys, Tmpan 
was less than 39.5 mg./minute, one-half the 
normal value, and became negative in advanced 
disease. However a solitary pyelonephritic kidney 
in patient J. B. had superncrinai function 
(Tmpan = 66.5 mg./minute). 

In 86.7 per cen‘ ut fifteen non-diseased kid- 
neys, Tmpay was greater than 39.5 mg./ minute, 
half the normal value, and ranged up to 
73.5 mg./ minute in the single kidney of patient 
J. E. This unequal distribution of Tmpay con- 
forms with the established fact that as the num- 
ber of functional nephrons is reduced in the 
diseased kidney, compensatory hypertrophy oc- 
curs on the contralateral side. 

Effects of Disease on the Filtration Rate. If pyelo- 
nephritis progressively destroys complete neph- 
rons without selective action on the glomeruli 
and proximal tubules, it would be expected that 
the data obtained from the diseased kidney 
would follow the regression line M (Fig. 2) with 
equal scatter between the two regression lines 
indicated by +2¢. Only three of thirty-five 
observations on the pyelonephritic kidneys with 
Tmpan greater than 10 mg./minute fall outside 
these parameters. But at the lowest levels of func- 
tion the filtration rate tends to be preserved 
despite reduction in Tmpay. This phenomenon 
has been reported in other renal diseases and is 
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attributed by Smith** to the presence of “‘im- 
potent”? nephrons, that is, nephrons with func- 
tioning glomeruli attached to injured proximal 
tubules. Otherwise, the filtration rate was re- 


duced roughly in proportion to Tmpau, 
although 70 per cent of the observations fell 
PYELONEPHRITIC NON-DISEASED 
KIDNEY KIDNEY 
x x 
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Fic. 1. Each kidney from each patient is represented by a 
separate symbol in order that the reader may recognize 
the basic data’ from which the derived data were cal- 
culated. 


below the mean normal regression line. Conse- 
quently the GFR/Tmpag ratio for all pyelo- 
nephritic kidneys with Tmpag greater than 10 
mg./minute averaged 1.36 + 0.45 as compared 
with 1.54 + 0.40 in normal subjects. This differ- 
ence is not statistically significant (t = 1.55, 
< @.2).* 


* Smith,’ page 606. 
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Fic. 2. Glomerular filtration rate related to Tmpan. 


Correspondingly, if the increase in function of 
the non-diseased kidney tends to balance the 
functional deficit in the contralateral pyelo- 
nephritic kidney, the data obtained from the 
non-diseased kidney would be scattered evenly 
about the regression line M (Fig. 2) and would 
lie between the two regression lines indicated by 
+2¢. In no instance did the GFR /Tmp.,y ratio 
of the non-diseased kidney fall outside the pa- 
rameters M + 20. Nevertheless 73 per cent of 
these observations were below the normal mean 
of the GFR/Tmpay ratio. As a result the 
average GFR, Tmpay ratio for the non-diseased 
kidney is 1.32 + 0.43. When this value is com- 
pared with the normal ratio of 1.54 + 0.40, the 
difference is not statistically significant (t = 
1.705, P < 0.1). Hence we conclude that the 
filtration rate increases in a parallel manner 
with proximal tubular function during com- 
pensatory hypertrophy. 

Effects of Disease on Effective Renal Plasma Flow. 
Likewise, when ERPF was related to Tmpay 
and when Tmpay was greater than 10 mg./ 
minute only two of thirty-five observations on 
the pyelonephritic kidney fell outside the param- 


eters M + 2c. (big. 3.) Atlower values of Tmpay 
eflective renal plasma flow was maintained at a 
relatively high level, that is, seven observations 
are above the +2¢ parameter. Smith (personal 
communication) believes that this “vicarious 
hyperemia” is due to diffusion of p-amino- 
hippurate from inert to functioning nephrons 
or to capillary diversion of blood to functioning 
nephrons. Otherwise reduction in effective renal 
plasma flow, like that of glomerular filtration 
rate, was roughly proportional to the reduction 
in I'mpay. Because 83 per cent of the data on 
the diseased kidney (Fig. 3) fell between the 
mean and M — 2e, the ERPF/Tmpay ratio 
averaged 6.82 + 1.88 for pyelonephritic kidneys 
having a [mpay greater than 10 mg./minute. 
The difference between this mean, 6.82 + 1.88, 
and the normal mean, 8.28 + 2.2, is statistically 
significant (t = 2.405, P < 0.02)* and indicates 
a moderate degree of renal ischemia in the resid- 
ual functional tissue of the pyelonephritic kidney. 

Since 93 per cent of the observations on the 
non-diseased kidney lie below the normal mean, 
the average value of the ERPF/Tmpay ratio 
for these kidneys, 6.35 + 1.69, is slightly less 
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Fic. 3. Effective renal plasma flow related to Tmp aun. 


than that for the pyelonephritic kidney, 6.82 + 
1.88, and is significantly less than the normal 
value, 8.28 + 2.2 (t = 2.851, P < 0.01).* Hence 
the ischemia (relative to residual functional 
tissue) which characterizes the pyelonephritic 
kidney also characterizes the hypertrophic con- 
tralateral kidney, although the degree of hyper- 
trophy is not marked, that is, the average Tmpan 
for the group, 48.0 + 9.1 mg. minute,'* is only 
slightly larger than Timpay for the normal kid- 
ney, 39.5 + 6.6 mg./ minute. 

Effects of Disease on the Filtration Fraction. The 
relative magnitude of the changes in effective 
renal plasma flow and in filtration rate are re- 
flected directly in the GFR, ERPF ratio or the 
filtration fraction. In a few subjects, (Fig. 4) this 
ratio was e@reater than the normal M + 2e¢ 
parameter. Yet the distribution above and be- 
low the mean was so nearly symmetric that we 
infer that effective renal plasma flow and glo- 
merular filtration rate usually tend to change in 
a parallel manner in both the pyelonephritic 
and the non-diseased contralateral kidney. 


* Michie,’ Table v. 
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Effects of Disease on Renal Conductance. At a 
fixed arterial pressure, the renal blood flow varies 
inversely with the total resistance, R, in the 
organ. However, as Gomez’ pointed out, it is 
more convenient to think in terms of vascular 


1 
conductance, the reciprocal of resistance, R’ 


Total conductance decreases with progressive 
reduction of the renal vascular tree and ap- 
proaches zero conductance at zero blood flow. 

Inasmuch as chronic pyelonephritis destroys 
entire nephrons or gross portions of the kidney, it 
may also destroy the related vascular bed; in 
which case, Tmpang may reflect not only the 
quantity of functional tissue in the kidney but 
also the vascular supply to this functional tissue. 
In this view conductance should vary directly 
with T'mpan and should become zero when the 
entire kidney has been destroyed. The basic 
relation between conductance and Tmp,an 
would be: 


l 
x ——— = a constant 


R Tmpan 
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which expresses conductance in terms of Tmpaun. 
In calculating the individual values (Table 1) 
we used Gomez’s formulas.**:*® The conductance 
data for the normal kidney were calculated from 
the data of Bolomey et al.’ As expected in 


theory, the values for " x were fairly 


Tmpan 


constant in spite of wide variations in Tmpay 
for both the pyelonephritic and the contralateral 
non-diseased kidney. There was no statistical 
difference in conductance, with respect to mean 
values, between the pyelonephritic and the non- 
diseased kidney, but there was a significant dif- 
ference between these kidneys and the norma! 
kidney. The reduction in conductance in the 
diseased and non-diseased kidney suggests that a 
common factor was operating to produce slight 
to moderate renal ischemia in both kidneys. 


COMMENTS 


The function of a solitary non-diseased kidney 
increases rapidly after unilateral nephrectomy 


* Smith,’ page 583. 


and ultimately approaches the level of function 
of two normal kidneys.** Oliver'® has shown in 
the rat that the number of glomeruli is not 
increased and that glomerular hypertrophy and 
tubular hyperplasia, especially of the proximal 
segment, occur in the hypertrophic kidney. 
From embryologic and anatomic considerations 
Smith** concludes that during hypertrophy in 


- man no new nephrons are formed and that the 


increased function is divided among pre-existing 
nephrons. 

Our data show that in unilateral pyelonephri- 
tis, as a consequence of hypertrophy in the non- 
diseased kidney, the combined function of the 
two kidneys approaches that of two normal 
kidneys.' In the non-diseased kidney tubular 
function, as measured by Tmpan, and glo- 
merular filtration increase roughly in a parallel 
manner in spite of a moderate ischemia indicated 
by the reduced value of effective renal plasma 
flow per unit Tmpan. In seeking a_ possible 
explanation for this fact it may be noted that, 
according to Gomez’s hemodynamic analysis,° 

* Page 476. 
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TABLE I 
RENAL CONDUCTANCES 


Normal Kidneys Non-diseased Kidneys Pyelonephritic Kidneys 
| 
Subject Imran Patient R x Tmpan | Patient | R x — | Tmpans 
| 
P.M. 0.129 1.1038 | KC 0.108 0.82 J.B. 0.087 1.11 
M. S. 0 213 0.977 | E.M. 0.107 0.78 | BP. 0.085 | 0.76 
Lw. 0 168 1250 | K.K. 0.067 0.91 | K.C. 0.101 0.82 
N. W. 0 136 1 800 E. G. 0.218 0.41 | M.S. (right) - | 
0.130 1.552 | M.H. 0.058 085 | M.S. (left) 0.071 «0.65 
0.131 0808 | N.T. 0.076 0.77 0.079 | 0.55 
A. K. 0 120 1 065 E. M’. 0.077 0.92 | E. M’. 0.081 0.87 
0 102 1 625 SH. 0.136 0.76 | M.H’. 0.089 0.31 
Ss. Ww. ¢ 0 153 1 117 D. W. 0.091 0.71 | R. K. 0.157 0.37 
| MLR. 0.062 0.79 | E. B. (right) 0.150 0.57 
J. E. 0.097 1.16 | E. B. (left) 0.153 0.60 
| M.G. 0.150 0.82 | M.H. 0.131 0.39 
E. M. 0.107 0.67 
S. H. 0.141 0.68 
| M. R. 0.062 0.24 
| D. W. | 0.088 0.38 
| K. K. / 0.071 | 0.17 
| 


(mean) 0 142 + 0 032 


Comparison of the means: 
Normal 
Non-diseased 


(mean) 0 104 + 0.046 


(mean) 0.102 + 0.032 


Note: — X is expressed in dynes™' mg.~' cm.* X 107? and Tmpaa in mg. sec.~'. In repeat examinations 


kK Tmpan 


of the same kidney, only the results from the last experiment are used so that each kidney appears once. Data from 
kidneys with Timp an values less than 10 meg./minute and from kidneys of hypertensive patients are omitted in this 


analysis. 


an increase in renal interstitial pressure from the 
normal value of 10 to 20 mm. of mercury will 
not alter the filtration rate but will reduce 
effective renal plasma flow per unit Tmpag of 
the normal kidney to the level found in the non- 
diseased kidney. It is possible that nephron 
hypertrophy increases the renal volume within 
the relatively inelastic renal capsule and thus 
increases renal interstitial pressure. 

The situation in the pyelonephritic kidney 
differs only in respect to the destruction of some 
fraction of the renal parenchyma. It is generally 
agreed''~'* that the proportional regression of 
glomerular and tubular function reflects the 
destruction of entire nephrons. It may be sup- 
posed that this functional deficit leads to hyper- 
trophy of the residual functional nephrons in the 
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diseased as well as the non-diseased kidney. This 
inference is supported by the fact that, when the 
filtration rate and effective renal plasma flow 
are compared in terms of Tmpan, there is no 
measurable difference in the two sides.* The 
proportional increase in filtration rate and tubu- 
lar function maintains glomerular-tubular bal- 
ance in both organs; this balance is maintained 
in the pyelonephritic kidney as long as Tmpan is 
greater than 10 mg./minute. 

Acute pyelonephritis is characterized by a 
variable degree of renal hyperemia.'** In some 
patients the renal blood flow approaches values 
observed in pyrexial hyperemia.'* In the first 
study on patient J. B. a moderate renal hyper- 
emia was still present after two weeks of intensive 


sulfathiazole therapy. After prolonged anti- 


P< 0.05 P < 0.01 
P<0.9 
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bacterial therapy, the pyuria and bacilluria 
usually disappear and the hyperemia is replaced 
by a moderate ischemia which is comparable to 
that observed in the non-diseased kidney. A 
transition from the hyperemic to the ischemic 
phase was observed in patients M.S., D. F., J. M. 
(left) as well as in J. B. As already suggested the 
ischemia may be secondary to increased intra- 
renal pressure. 


SUMMARY 


The rate of glomerular filtration relative to the 
quantity of functioning tubular tissue, GFR 
Tmpan, remains within the normal statistical 
limits in both the non-diseased and pyelone- 
phritic kidneys as long as Tmp,y is greater than 
10 mg./minute. Thus glomerular-tubular bal- 
ance is preserved. 

Pyelonephritis provokes a functional deficit 
which in turn induces compensatory hyper- 
trophy in the non-diseased kidney. It is inferred 
from anatomic and functional evidence that 
similar hypertrophy occurs in the_ residual 
functional nephrons in the diseased kidney. 

Acute pyelonephritis, associated with fever 
and marked pyuria, is accompanied by renal 
hyperemia, that is, effective renal plasma flow 
per unit [mpaq is greater than the normal value. 
But chronic pyelonephritis not associated with 
fever or marked pyuria is characterized by a 
moderate ischemia in both the diseased and 
non-diseased kidney. It is suggested that this 
ischemia may be secondary to an increase in 
intrarenal pressure, the increase being caused by 
parenchymal hypertrophy within the relatively 
inelastic fibrous capsule. 
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The Valsalva Maneuver as a Test of 
Cardiac Function’ 


Pathologic Physiology and Clinical Significance 


RicHarp Gorutn, m.p.,t Joun H. KNow Les, M.D. and 
CapTain Currrorp F. Srorey, M.c., u.s.N. (Ret.) 


Portsmouth, Virginia 


LTHOUGH Derbes and Kerr’ have pointed out 
A that Weber and not Valsalva first described 
the circulatory effects of airway straining, the 
authors have chosen to use the more popular 
phrase Valsalva maneuver” in this paper. 

Study of the changes in blood pressure caused 
by forced airway straining has frequently been 
advocated as a test of vasomotor control of the 
circulation.*~* Interest has usually centered on 
the overshoot in arterial pressure which follows 
the period of increased airway pressure. This 
overshoot presumably depends on hypotension 
developing during straining and mainly repre- 
sents the effects of reflex vasoconstriction.’ On 
the other hand, whether or not blood pressure 
does decrease during straining seems to depend 
on function of the heart itself. This phenomenon 
not only poses an intriguing physiologic problem 
as to its origin but also provides the basis for a 
simple bedside test in the diagnosis of cardiac 
disease.” This report will attempt to demonstrate 
further the pathologic physiology and clinical 
significance of the various blood pressure 
responses to airway straining, particularly in 
disease of the left side of the heart. 

Hamilton’ was the first to observe that during 
the straining phase of Valsalva’s maneuver 
arterial pressure remained unchanged in patients 
with congestive failure instead of decreasing 
precipitously as in the normal. (Fig. 1.) Greene 
and Bunnell described a_ sustained arterial 
pressure response in some cases of mitral steno- 
sis.’ Price and Connor noted a similar finding in 
three cases of chronic constrictive pericarditis."' 


Lee, Matthews and Sharpey-Schafer'* reported 
on the central circulatory changes in normal 
individuals during the Valsalva maneuver and 
Judson et al.'*:'* described changes in pulmonary 
arterial pressure and circulation time in patients 
with both normal and abnormal responses. 
Sharpey-Schafer'® presented a large group of 
patients with failing hearts who showed an ab- 
normal peripheral arterial pressure response and 
alluded to the clinical value of the maneuver. 


MATERIAL AND METHODS 


The following seventy-eight patients were studied: 
Seven normal subjects, seven patients with pulmonary 
parenchymal disease, three with pulmonic stenosis, 
three with atrial septal defect, nineteen with mitral 
stenosis, twenty-seven with left ventricular disease due 
to aortic stenosis and / or insufficiency, hypertension or 
coronary disease, two with chronic constrictive 
pericarditis, seven with bilateral congestive failure, 
three with apparently pure right ventricular disease. 
(Table 1.) Each patient was classified as to disability 
according to the criteria of the American Heart 
Association. ** 

Forced expiration from the inspiratory mid-position 
was performed against an aneroid manometer to a 
pressure of 40 mm. of mercury and held ten to twelve 
seconds. The maneuver was done with the patient in 
the recumbent position and then with the patient on 
the tilt table with the head or the legs elevated 30 
degrees. Both directly recorded and ausculted arterial 
blood pressures were measured in all patients. Arm to 
tongue decholin® circulation time, vital capacity and 
venous pressures were measured. The effects of the 
Valsalva maneuver on pulmonary capillary wedge,*’ 
pulmonary arterial, right atrial, inferior vena caval 


* From the Cardiopulmonary Function Laboratory, U.S. Naval Hospital, Portsmouth, Virginia. The opinions 
or assertions contained herein are those of the authors and are not to be construed as official or reflecting the views 


of the Navy Department or of the naval service at large. 


t Present address: Boston, Massachusetts. 
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TABLE 
VALSALVA RESPONSES IN SEVENTY-EIGHT PATIENTS 


Pressures | 
(mm. Hg) 
Condition Name | | Cardiac Comment 
tyr.) | Glass | Pulmonary | Right 
Wedge — Atrial | 


Normal Valsalva Response 


Normal D. B. 19 0) 10 7 Basal systolic murmur 
R. W. 22 0 9 4 Apical systolic murmur 
D. M. 19 0 7 l Idiopathic clubbing 
E. T. 22 0 7 3 Basal systolic murmur 
R. B. 23 0 10 0 Basal systolic murmur 
D.S. 19 0 5 4 Basal systolic murmur 
W. Z. 21 0 7 0) Right bundle branch block 
Pulmonic stenosis, mild a ee 0 5 3 Calculated pulmonary valve 
area = 1.2 cm.? 
0 7 4 Calculated pulmonary valve 
area = 1.6 cm.’ 
0 11 6 Calculated pulmonary valve 
area = 1.7 cm.? 
Mitral stenosis, mild R. M. 24 0 ke 6 Murmur only 
E. G. 31 4 Murmur only 
B. W. 25 I 7 (10) 2 Murmur only 
L. K. 34 ul 17 6 Mitral valve area = 1.5 cm.? 
Left ventricular disease: 

Mitral insufficiency |M.S.L.| 24 I 9 0 Left atrium 1+ enlarged; pulmo- 
nary wedge = mitral insufficiency 
wave form 

ae 7 6 Left atrium 2+ enlarged; pulmo- 
nary wedge = mitral insufficiency 
wave form 
M. D. 39 After digitalization: 
left atrium 2+ enlarged 
B. S. 26 1 10 (15) 5 Following digitalization: 
left atrium 2+ enlarged 

Aortic stenosis W. M. 67 6 Electrocardiogram and x-ray nor- 

mal; arterial contour abnormal 

+ I 8 (8) 0 (2) No symptoms; x-ray, electrocardio- 
gram and hemodynamics normal; 
arterial contour abnormal 

Aortic insufficiency E.R. 30 I Pe 10 Blood pressure 150/30 

N. M. 37 Blood pressure, 138/60 

P. 47 8 Blood pressure, 140/65 

32 6 (10) | After digitalization; blood pressure, 
140/50 

Aortic coarctation G. B.* 20 ee Cee ee 5 Postresection; blood pressure, 
140/80 

Coronary artery disease After digitalization for myocardial 
infarction with shock: 

A. B. 49 6 blood pressure, 120/80 
37 6 blood pressure, 130/85 
Hypertension P. L. 23 8 Blood pressure, 160/100 
tf 51 eee 5 Blood pressure, 220/120 
Postpericardiectomy (6 weeks) J. E. 24 I 6 
Atrial septal defect H. C. 51 I 3 3 Pulmonary hypertension, nil shunt 
_ 24 I 10 8 Pulmonary flow, 6.9; syst. = 2.9 
 L./min./M.? 
_ 2 19 I 10 9 Pulmonary flow, 11.5; syst. = 2.5 
L./min./M.? 


Note: Data in italics signify peripheral venous pressure. Figures in ( ) represent measurements during exercise. 
* Patients showing changed Valsalva response after therapy. 
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VALSALVA RESPONSES IN SEVENTY-EIGHT PATIENTS 


| | Pressures 
| | Page (mm. Hg) 
Condition Name | Age | ee Ea | Comment 
| | Class Pulmonary Right 
| Wedge | Atrial 
Right ventricular disease: | | | 
Pulmonary hypertension iF. Cc. | 38 | ul 7 4 (8) | Pulmonary artery mean pressure, 
| 70 mm. Hg 
Differential diagnosis of Sch. | 60 | Normal | Emphysema 
dyspnea 21 Vormal | Asthma 
|R. 1. 72 | mm _ Normal | Emphysema vs. congestive failure 
OD. | 50 | Vormal | Obesity and pulmonary fibrosis vs. 
| | congestive failure 
26 Vormal Pulmonary fibrosis 
| H. S. | 49 Iv Vormal | Tuberculosis 
Vormal | Emphysema vs. congestive failure 
La Vormal Obesity and thyrotoxicosis vs. con- 
gestive failure 
Intermediate Valsalva Response 
Mitral stenosis K. 34 8 Postcommissurotomy 
EL. W. 23 | 15 (38) 4 Mitral valve area = 1.2 cm.? 
(calculated, measured) 
J. D. 32 ul 23 4 Mitral valve area = 1.2 cm.’ 
| (calculated, measured) 
| 8 Mitral valve area = 1.4 cm.? 
| (measured) 
17 4 Mitral valve area = 1.4 
| (calculated, measured) 
E. L. 18 & mo. pregnant 
S. I. 26 u+ 11 (20) | 2 Mitral valve area = 1.6 cm.’ 
| | | | (calculated); high output 
O.S 18 (34) 5 Mitral valve area = 0.9 cm.’ 
| (calculated, measured) 
| partum; mitral valve area = 1.2 
em.? (measured) (BS area = 1.3) 
Left ventricular failure: | 
Mitral insufficiency 20 4 Before digitalization 
| syncope, angina 
| C. D. 2355 | ut 14 (40) 2 _ Left ventricular hypertrophy, 
| fatigue, edema 
Aortic insufficiency J. Br. | 20 Ty 12 (18) 3 (4) | Blood pressure, 150/40; digitalized 
od 7 Blood pressure, 135/45 
32 | mt | 8 Blood pressure, 145/50; undigital- 
| | ized 
F. A, a 14 (22) 2 (3) | Blood pressure, 135/40 
Aortic coarctation 6 Blood pressure, 180/110 
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‘TABLE 1 (Continued ) 


VALSALVA RESPONSES IN SEVENTY-EIGHE PATIENTS 
Pressures 
(mm. He) 
Condition Name ¢ sardiac Comment 
tyr.) Class Pulmonary Right 
Wedge Atrial 
Coronary artery disease P. S. 67 1 ) Angina pectoris occurred following 
seven Valsalva tests 
Right ventricular failure: 
Cor pulmonale A. S. 56 IV Mf Symptoms related to primary pul- 
monary disease 
Combined ventricular failure: 
Myocardial disease ? cause M.S * 64 11 10 Postdiuresis 
Abnormal Valsalva Respons: 
Mitral stenosis 5. 38 13 | 
H. W 22 i 7 Mitral valve area = 0.8 cm.? 
(measured) 
34 x0 6 Mitral valve area = 0 9 cm.? 
(calculated, measured) 
22 Mitral valve area = 0.8 
(measured) 
A. ©. 32 IV 10 Mitral valve area = 0.5 cm." 
(measured) 
CA. 35 "+ 20) 9 Mitral valve area = 0.8 cm.* 
(calculated, measured) 
Left ventricular failure: 
Mitral insufficiency P. D. 22 u+ 30) 4 
Aortic stenosis L. G. 21 Symptoms during pregnancy 
Coronary artery disease . B. 49 th ) Clinical shock: blood pressure, 
85/70 
37 IV 10 Blood pressure, 80/70 
By 31 1 37 10 Acute onset dyspnea 10 days before 
Right ventricular failure: 
Cor pulmonale E. N.S.) 53 IV 715 20 Cor pulmonale with hypoxia, pul- 
monary artery mean pressure, 60 
Combined ventricular failure: 
Any etiology | M. S. 64 IV 
|S. A. 44 IV 22 ® Mitral valve area = 1.6 cm.” 
mitral insufficiency associated 
Pericardial constriction io 24 IV 20 20 Before surgery 
a 24 IV 20 20 10 days postpericardiectomy 
J. B. 49 IV 23 22 Calcified pericardium 
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Fic. 1. Systemic arterial pressure in phases 1 through tv 
of the Valsalva maneuver, as described in the text. 
Upper graph, patient in standing position; lower graph, 
patient in supine position. 


and brachial venous pressures were recorded during 
cardiac catheterization in forty-two patients who 


represented each of the diseases and various types of 


response. Decholin circulation times from inferior 
vena cava, right atrium and pulmonary artery to 
tongue, were measured before, during and immedi- 
ately following straining. (Table u.) 

Airway or intrapulmonary pressure during strain- 
ing was shown to approximate closely intraesophageal 
pressure in twelve patients.‘ Therefore this pressure 
was subtracted from pulmonary capillary wedge and 
right atrial pressures to obtain the effective left and 
right atrial pressures, respectively, during straining. 
The zero point for all pressures was 10 cm. anterior to 
the back. The pressures were recorded with Sanborn 
electromanometers or Statham strain gages. 


RESULTS 


Normal Response 


Pressure and Flows. The normal systemic 
arterial pressure response, conveniently divided 
into four phases, is shown in Figure 1. The 
systolic pressure rose immediately with the onset 
of increased airway pressure following which 
systolic and pulse pressures fell very quickly to 
low values (phase 1). The portion of the curve 
from the lowest point on is known as phase um. 
During this phase the mean arterial pressure 
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Fic. 2. Effect of normal ventricular function on the 
Valsalva response. Pulmonary wedge (PC), pulmonary 
artery (PA) and right atrial (RA) pressures were re- 
corded during separate Valsalva maneuvers each with 
simultaneously recorded brachial arterial (BA) and air- 
way or intrapulmonary (IPP) pressures. IPP has been 
drawn on each pressure record at the appropriate height: 
the pressure above this line represents effective pressure 
during airway straining. Note as BA pressure falls, PC 
falls to virtually zero effective pressure. PA does likewise 
but shows a secondary rise. RA started at about zero 
effective pressure and rose toward end of maneuver. 
PC overshoot is simultaneous with BA overshoot. A 
delay in decholin circulation time from RA to tongue 
was observed during straining. 


began to rise although the pulse pressure re- 
mained narrowed. Following release of the strain 
(phase 11) a rebound occurred in both systolic 
and pulse pressures, the overshoot (phase tv); 
this in turn was followed by a reflex brady- 
cardia.*~* This pattern was altered only slightly 
by position. (Fig. 1.) Elevation of the legs caused 
a delay not exceeding one to two seconds in the 
phase 1 fall-off in pressure. Elevation of the head 
reduced the over-all pulse pressure without alter- 
ing other characteristics. Abdominal compres- 
sion likewise had little effect on the pattern of 
the normal response. 

Pulmonary arterial pressure showed a similar 
decrease in mean and pulse pressures and some- 
times a late rise in mean pressure during phase 
u. (Fig. 2.) Effective pulmonary capillary pres- 
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TABLE 
THE EFFECT OF VALSALVA MANEUVER UPON THE DECHOLIN CIRCULATION TIME 
I.V.C. to Tongue P. A. (R. A.*) to Tongue 
| Valsalva 
Valsalva Control Valsalva Control 
Patient Diagnosis Response (in sec.) (in sec.) | (in sec.) | 
| | | During After 
| | | (in sec.) (in sec.) 
D. M. Normal Normal 13 
>. 3. Normal Normal 11 17 
K. W. Normal Norma! 17 31 
M. V. P. S., mild Normal 13.5 22.5 | ny 
Normal Normal 8 5 11.5 5 
N. C Normal Normal 8.5 14 
10.5* 
M. S. M. I. Norma! 10 14 6 
OF Normal 9 14 
B. S. M. I. Normal 14* 
W. F Normal Normal 10 14 9 12 7 
Left-Sided Lesion Only 
Intermediate 12 18 10.5* 15* 
E. W. | M.S. Intermediate 10.5 5.5 
D. A. Sey Intermediate 7.§ 11 
©. 3. | M.S. Intermediate 15 19.5 12* + 
Abnormal 25 32 13 17 
J. Be. Me _ Intermediate 13* 16.5* 
a> Vi Be Abnormal 20 * 
Right-Sided Lesion (with or without Left-Sided Lesion) 
| 
C.A. | M.S. (with R. V. F.) | Abnormal 18 23 10.5 12 
K. S. Ws Abnormal | 28 27 28 28 
S. A. _ Abnormal 31 21 22 20 
E. N. S. a a Abnormal 22.5 27 12 13 
J. B. Abnormal 28 34 16* 16* 
, 27 32 


Note: 1. V. C. = Inferior vena cava; P. A. = Pulmonary artery; R. A. = Right atrium; P.S. = Pulmonic stenosis; 
M.I. = Mitral insufficiency; M.S. = Mitral stenosis; L. V. F. = Left ventricular failure; R. V. F. = Right ventricular 


failure; and C. V. F. = Combined ventricular failure. 


sure decreased during straining, usually ap- 
proaching the level of intrapulmonary pressure 
or zero mm. Hg effective pressure. Rarely, a 
secondary rise in this pressure was seen in phase 
u. Effective right atrial pressure showed incon- 
stant changes in the first one to two seconds but 
most often levelled off equal to intrapulmonary 
pressure. After eight seconds or more of straining, 
however, atrial pressure rose 2 to 5 mm. Hg 


above intrapulmonary pressure (or zero effec- 
tive pressure). Inferior vena caval pressure was 
equal to or exceeded right atrial pressure by 
3 mm. Hg in most patients as the result of ab- 
dominal straining.* The brachial venous pressure 
rose gradually but progressively to a plateau 
equalling the level of intrathoracic pressure.*° 
Decholin circulation time from inferior vena 
cava to tongue and from the right side of the 
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heart to tongue were both prolonged (during 
straining) three to fourteen seconds greater than 
the control. (Table 1.) In three patients decholin 
was introduced into the pulmonary artery simul- 
taneously with the release of the strain phase. 
Acceleration of blood flow during the overshoot 
phase was seen. (Table 1.) 

Correlations. ‘There were no abnormalities in 
vital capacity, circulation time, heart size, pul- 
monary plethora, or right atrial pressure. Pul- 
monary capillary wedge pressure was slightly 
elevated in one patient with mild mitral stenosis. 
A normal response was seen in pregnant women, 
pulmonary parenchymal disease without cor 
pulmonale and in mild forms of heart disease. 


Abnormal Response 


Pressure and Flows. Systemic arterial systolic 
and pulse pressures rose with the onset of the air- 
way strain and remained elevated with little 
change for at least six seconds and usually 
throughout phases 1 and u. (Figs. 3 and 5.) Fol- 
lowing release of the airway pressure an over- 
shoot was only rarely observed. Change in 
position had no effect on the abnormal response 
in this group of patients. 

Two different patterns of response of the intra- 
thoracic circulation were seen during the 
Valsalva maneuver. When there was a left-sided 
lesion only, like mitral stenosis or left ventricular 
failure (Fig. 3), the effective pulmonary capillary 
wedge pressure initially was 5 mm. Hg more or 
less than the resting level and then decreased at a 
variable rate during the period of straining. 
Similar falls were seen in pulmonary arterial 
pulse and mean pressure. The change in effective 
right atrial mean pressure was similar to the nor- 
mal. (Figs. 3 and 4.) There was a delay in the 
circulation time to the tongue both from inferior 
vena cava and from the right side of the heart 
in these patients. (Table u.) 

When there was a right-sided lesion such as 
isolated or combined right ventricular failure, 
there was little or no fall in effective pulmonary 


Fic. 3. Effect of abnormal left ventricular function on the 
Valsalva response. Method and symbols are the same as 
in Figure 2. Note the sustained BA pressure while effec- 
tive PC and PA pressures (pulse and mean) are falling to 
levels lower than control pressures, but still abnormally 
elevated. Effective RA pressure was less than the control 
throughout and there was a delay in decholin circulation 
time from RA to tongue during straining. 


wedge or pulmonary arterial pressures during 
the maneuver. (Fig. 5.) In some the effective 
right atrial pressure decreased slightly, but usu- 
ally this pressure was unchanged at values equal 
to or occasionally less than resting pressure. In 
four patients, T. M., C. A., T. B. and E. N. S., 
there was a delay in circulation time from in- 
ferior vena cava to tongue during the maneuver. 
In patients K. S. and S. A., however, there was 
little or no retardation of blood flow from the 


; 


« 


Fic. 4. Normal right ventricular function during abnormal Valsalva response. Note the falling right ventricular diastolic 
pressure up to the ninth beat with a decreased pulse pressure. This is followed by a rising diastolic and pulse pressure to 
the end of straining. The Valsalva response was abnormal yet circulation time from RA to tongue was prolonged during 


the maneuver. 
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Fic. 5. Effect of abnormal right and left ventricular func- 
tion on the Valsalva response. Method and symbols are 
the same as in Figure 2. After an initial spike in pressure, 
effective PC, PA and RA pressures all reach a plateau 
which persists during straining. PC and RA pressures are 
also at lower effective levels than control values yet BA 
pressure is sustained. PA pulse pressure likewise remains 
virtually unchanged although smaller and at a lower 
effective pressure. 


abdomen with airway pressures of 30 mm. of 


mercury. All patients with a right-sided lesion 
had virtually unchanged intrathoracic circula- 
tion times during the maneuver. (Table 1.) 

Correlations. Figure 6 indicates there was a 
good correlation between an abnormal arterial 
pressure response and other tests of circulatory 
function. Either pulmonary capillary wedge or 
right atrial pressure, or both were increased at 
rest in all patients with an abnormal response. 
(Fig. 6.) Nineteen of twenty-three patients were 
class m1 or IV cardiac patients. 

An abnormal test was seen in tight mitral 
stenosis (calculated or measured valve area equal 
to 1 cm.’ or less), tight aortic stenosis (estimated 
valve area 0.5 cm.”), left ventricular failure with 
pulmonary congestion, right ventricular failure 
and chronic constrictive pericarditis. 


Intermediate Response 


Pressures and Flows. ‘There were three varia- 
tions in arterial pressure response between the 
normal and abnormal types. (1) Twelve pa- 
tients with mild valvular disease or ventricular 


failure showed a striking alteration in the Val- 
salva response with change in position. (Fig. 7.) 
When the test was done in the head up position 
on the tilt table all results were normal. When 
placed in the horizontal position, five became 
abnormal (pulse and systolic pressure remaining 
elevated for four seconds or more). When the 
legs were elevated, the remaining seven patients 
also showed an abnormal response. Exercise and 
vigorous inspiratory effort induced an abnormal 
response in half of the patients who responded 
normally in the resting supine position. (2) In 
three patients repeated Valsalva tests resulted 
in a progressively more abnormal response. 
(3) Six patients showed a fall in systolic pressure 
of less than 10 mm. He with an unchanged 
pulse pressure during straining. These three 
groups of patients were considered together as 
having an intermediate response. 

The pulmonary capillary wedge pressure de- 
creased during straining. [he effect of position 
on rate of fall of pressure and arterial pressure 
response are shown in Figure 8. Pulmonary 
arterial and right atrial pressures showed 
changes, similar to the normal with sharper 
decreases in pressure with change in position. 

Correlations. There was correlation of the Val- 
salva response with the fluoroscopic appearance 
of minimal pulmonary congestion in fifteen of 
twenty-six patients. Twenty-five patients had 
some form of heart disease involving either left 
ventricle or mitral valve and most were class 
cardiac patients. Only scattered abnormalities 
were seen in other tests of cardiac function. (Fig. 
6.) Pulmonary wedge pressure was elevated or 
borderline in the nine patients in whom it was 
measured and rose in all nine on effort. Central 
or brachial venous pressure was normal in 
twenty-five of twenty-six. Patient A. S. with 
severe cor pulmonale due to pulmonary disease, 
had a venous pressure of 14 mm. Hg and a cir- 
culation time of fifty-six seconds. 

An intermediate response was seen with 
moderate mitral stenosis (1 to 1.5 cm.*), left 
ventricular failure due to mitral insufficiency, 
aortic stenosis with or without insufficiency, 
coarctation of the aorta, or coronary artery dis- 
ease, and with pure right ventricular failure. 


Effects of Specific Therapy 


Effective cardiac therapy usually resulted in a 
change in the Valsalva maneuver response. 
Effects of mitral commissurotomy were observed 


in patients H. W., L. K., C. A. and N. R. Near 
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Fic. 6. Correlation of other tests of circulatory function with the Valsalva response. On the left are shown the number of 
patients in each category with abnormal circulatory function tests. In the columns on the right are shown the pa- 
tients in whom pulmonary capillary or central venous pressure was abnormal. When the block extends across both 
columns, both pressures were measured; the initials appear only when a pressure value was abnormally elevated at rest 


or on mild effort. 


doubling of the valve area from 0.8 to 1.5 cm.? in 
H. W. changed the response from abnormal to 
an intermediate. (Fig. 9A.) In patient N. R. 
commissurotomy was performed in the fifth 
month of pregnancy. Despite an increase in esti- 
mated valve area from 0.5 to 1.2 cm,’ the pa- 
tient’s symptoms persisted and the Valsalva 
response remained abnormal. Following delivery 
when cardiac output and valve gradient were 
decreased,?'** symptoms disappeared and the 
Valsalva response became normal. (Fig. 9B.) 
The effect of pericardiectomy was shown in 
patient J. E. (Fig. 10.) Prior to operation pul- 
monary and systemic venous pressures were 
elevated, circulation time prolonged and the 
response abnormal. This abnormal response 
persisted one week after successful operation in 
association with elevated pulmonary and periph- 
eral venous pressures. A small overshoot not 
formerly present, however, was seen in phase tv 
and there was a concomitant decrease in circula- 
tion time. Six weeks after operation with loss of 
edema fluid and return of pulmonary and 
systemic venous pressures to normal, the Val- 
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salva response also became normal. (Fig. 10.) 
Digitalization resulted in conversion to a nor- 
mal response in patients M. D., Hi. C., A. B. and 
J. P. In patient M. S. vigorous successful diuresis 
resulted in conversion of an abnormal to an inter- 
mediate response. 


METHODS OF DETECTION OF ARTERIAL PRESSURE 
RESPONSE 


In about 80 per cent of the patients it was 
possible to detect the change denoted on the 
direct arterial tracing by means of a blood pres- 
sure cuff. In 20 per cent where the fall in 
systolic pressure was delayed or atrial fibrillation 
was present, a direct tracing was necessary. 


COMMENTS 


Normal Response. In order to understand the 
causes of the abnormal response it is necessary 
first to understand the mechanism of production 
of the normal arterial response to the Valsalva 
maneuver. Sarnoff, Berglund and Case have 
carefully reinvestigated Starling’s law of the 
heart.***4 They have demonstrated that the 
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Fic. 7. Effect of positional change on the Valsalva 
maneuver. Patient E. W. had mitral stenosis; valve 
area = 1.2 cm.? (30 per cent normal). A, patient 
in supine position; B, patient in standing position. 
Note that systemic arterial pressure remained un- 
changed during a Valsalva maneuver performed 
in the horizontal position, but decreased rapidly 
when performed in the standing position. 


curve of ventricular function—ventricular stroke 
work plotted against filling pressure—may as- 
sume different slopes depending on altered 
metabolism and hemodynamics. A similar analy- 
sis of ventricular function may be applied to the 
Valsalva maneuver. The pulmonary capillary 
wedge pressure is considered to be representa- 
tive of the left atrial pressure*’** and systemic 
arterial mean and pulse pressures as approxi- 
mate indexes of the components of left ventricu- 
lar pressure work, since pulse pressure is roughly 
proportional to the stroke volume in the same 
patient. A similar analysis may be made of the 
function of the right ventricle as well, utilizing 
right atrial mean pressure and pulmonary 
arterial mean and pulse pressures. 

In the normal patient pulmonary wedge, 
brachial arterial mean and pulse pressures all 
fall. (Fig. 2.) A decrease in filling pressure is 
dependent on an initially normal atrial and 
pulmonary blood volume which decreases in 
relation to a momentarily decreased inflow from 
the right ventricle. This is shown in Figure 2 
which depicts the falling pulmonary arterial 
systolic and mean pressures (decreased right 
ventricular stroke work) and in Table u which 
shows the delayed intrathoracic to tongue Cir- 
culation times. Effective right atrial pressure 
during straining usually began at zero or soon 
approximated zero mm. Hg effective pressure 
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and was often lower than the prestraining atrial 
pressure. Similar low net pressures were recorded 
in normal subjects by Lee et al.'* Presumably 
this lowered effective pressure represented slow- 
ing of venous inflow into the great thoracic veins 
and right heart. (Table u.) Whether or not 


3 area 1.2 cm? 
legs elevated Valsalva abnormal 
5 100 

— 
head elevated Valsalva normal 
> 

' 
0 10 20 30 40 


Valvular Pressure Gradient 
mmHg 


Fic. 8. Effect of changes in position on mitral valvular 
pressure-flow relations and the resulting Valsalva _re- 
sponse. The mitral valve area in patient bk. W. was 
estimated surgically and calculated hydraulically to be 
1.2 ecm.* The pressure-flow curve for this area is drawn 
above. For purposes of demonstration, left ventricular 
diastolic pressure is assumed to be unchanged at 5 mm. 
He during the Valsalva maneuver. Effective pulmonary 
wedge pressure was measured during straining in two 
different positions. The valve gradient (PC-5) decreased 
from 15 to 11 when the legs were elevated 30° and from 
12 to 3 when the head was elevated 30°. Note how the 
changing slope of the pressure-flow curve results in a 
lesser fall in rate of blood flow through the valve when the 
legs were up than when the head was up. The arterial 
blood pressure response was abnormal with a minimally 
decreased valvular flow and normal when flow decreased 
more rapidly. 


there was tamponade of veins and/or heart,*’ 
the effective right ventricular filling pressure was 
decreased and this probably resulted in the 
decreased pulmonary arterial pressure and flow. 

In phase u as systemic vasoconstriction devel- 
ops’? left ventricular filling pressure may 
with an increase in arterial mean pressure (and 
presumably stroke work). This succession of 
events is most probably enhanced by venocon- 
striction’® with a rise in peripheral venous pres- 
sure followed by a secondary rise in right atrial 
and pulmonary arterial pressures. (Fig. 2.) The 
large increases in systemic arterial diastolic pres- 
sure seen even in patients with severe aortic 
insufficiency during phase 1 would suggest that 
a part of their low diastolic pressure was related 
to peripheral vasodilatation.*’ 
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Fic. 9. Effects of commissurotomy and of pregnancy on the Valsalva maneuver in mitral stenosis. 
Note the change to normal in blood pressure response following mitral commissurotomy in patient 
H. W. and postpartum in patient N. R. The change in response in patient H. W. is attributed to a 
larger valve area and lower valve gradient postoperatively. The change in patient N. R. is attributed 
to a decrease in cardiac output and valve pressure gradient in the postpartum state. 


The Abnormal and Intermediate Response. We be- 
lieve that the difference between the normal and 
the abnormal response can best be explained in 
terms of the Starling curve of ventricular func- 
tion. Sarnoff, Berglund and Case**:** have shown 
in normal dogs that in the high ranges of filling 
pressure small decreases in pressure do not 
materially affect stroke work and output. They 
also demonstrated that constriction of the coro- 
nary artery, increased peripheral resistance, 
anemia and a host of other factors can alter the 
slope of the work filling pressure curve in a given 
animal. In similar fashion certain types of heart 
disease in man can result in a flat ventricular 
function curve. 

Left-Sided Cardiodynamics. An abnormal or 
intermediate response was seen with left ventric- 
ular failure, regardless of the cause, and with 
tight aortic stenosis. In contradistinction to the 
normal, arterial pressure (and presumably left 
ventricular stroke work) remained unchanged 
while effective pulmonary capillary pressure 
(“left ventricular diastolic’ pressure) slowly 
decreased during airway straining. This sug- 
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gested that the left ventricle was on the flat por- 
tion of its function curve (Fig. 11) where a fall 
in filling pressure does not cause stroke work to 
decrease. In the intermediate group the change 
in arterial pressure response from abnormal to 
normal upon tilting the head up was thought to 
be related to the more sloping ventricular func- 
tion curve (Fig. 11) of mild left ventricular 
failure. Tilting is known to cause a decrease in 
effective filling pressure.*® If the new level of 
filling pressure lay on the lower steeper part of 
the curve, then stroke work and arterial pressure 
decreased during straining. 

The slope of the ventricular function curve, a 
resultant of the severity of the heart disease, and 
the accompanying increase in pulmonary blood 
volume and pressure, which fixed the point on 
the curve, seemed to be the critical factors. (Fig. 
11.) Unchanged arterial pressure during strain- 
ing, as long as it persisted, probably signified that 
either the ventricle was working on a flat portion 
of its function curve or that its filling pressure had 
not changed. Under most circumstances the flat 
portion of the curve was associated with elevated 
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Fic. 10. Effects of pericardiectomy on the responses 
to the Valsalva maneuver, on venous pressure and 
circulation time in constrictive pericarditis. Note 
the final conversion to normal in blood pressure 
response and its association with a return to normal 
in venous and pulmonary wedge pressure. A, pre- 
operative tracing: circulation time 22; venous 
pressure 18. B, one week postoperatively: circula- 
tion time 15; venous pressure 18. C, six weeks post- 
operatively: circulation time 15; venous pressure ~. 


filling pressures and therefore left atrial and 
pulmonary venous congestion.* That an in- 
creased atriopulmonary reservoir of blood per 
se’® is not the primary factor in causing the ab- 
normal pressure response was suggested by the 
data obtained from patient C. C. She had mitral 
insufficiency with a large left atrium demon- 
strated by angiocardiography. The patient was 
not in failure, however, with a resting pulmonary 
capillary pressure of 8 mm. Hg. During the 
Valsalva maneuver, both arterial and pulmo- 
nary capillary pressures decreased normally, 
despite an apparently large reservoir of blood. 
Even in the absence of ventricular failure, 
valvular stenosis itself may cause an abnormal 
response. Just as the ventricular function curve 
aids in explaining the abnormal response in 
myocardial failure the key to understanding 
mitral stenosis lies in the valvular pressure-flow 
curve.*' (Fig. 11.) When the valve area is re- 


* Bondurant and Hickam have shown that acute pul- 
monary engorgement induced by G-suit inflation even in 
the normal person is associated with an intermediate 
Valsalva response.*® 


duced to 20 per cent of normal, the relationship 
of pressure to flow across the valve becomes 
extremely flat. Increasing or decreasing the 
pressure gradient 5 to 10 mm. of mercury at 
high levels of pressure results in virtually no 
change in blood flow across the valve or in left 
ventricular diastolic volume and _pressure.*! 
Consequently, stroke work and therefore arterial 
mean and pulse pressure are unchanged during 
the period of straining. When the stenosis is less 
severe, the pressure flow curve is steeper and 
valve flow is affected more by pressure gradient 
changes. As demonstrated in patient E. W. with 
a known valve area of 1.2 cm.* the change in 
body position from supine to head-up resulted in 
a decreased mitral valve pressure gradient, a 
calculated decrease in valvular flow rate and a 
change in arterial response from abnormal to 
normal. Valvular pressure-flow relations were 
changed by surgery in patient L. K. Post- 
operatively, with a steeper pressure flow curve 
the Valsalva response became normal. 

Judson and co-workers'® stated that the ab- 
normal Valsalva response was due solely to 
impaired right ventricular function and to mini- 
mizing the “venous blockage effect.”’ Our studies 
indicate that the abnormal response may result 
from altered dynamics on either side of the cir- 
culation. Seven of the twenty-three patients 
who had abnormal responses and all but one of 
the patients with left-sided heart disease who 
had intermediate responses showed no apparent 
impairment of right ventricular function. The 
evidence for this was normal systemic venous or 
right atrial pressure, delayed intrathoracic cir- 
culation time, decrease in pulmonary arterial 
pulse pressure and low effective right atrial 
pressure during the straining phase despite an 
abnormal peripheral arterial response during the 
Valsalva maneuver. 

Right-Sided Cardiodynamics. ‘The abnormal re- 
sponses which we found in patients with 
bilateral congestive failure or isolated right 
ventricular failure are similar to those reported 
by Judson and co-workers. Unchanged intra- 
thoracic circulation times (Table u) and pul- 
monary arterial pulse pressures (Fig. 5) during 
the maneuver indicated that left atrial pressures 
were kept at elevated and minimally decreas- 
ing levels by essentially unchanged right ventric- 
ular work and output. In four of six studies on 
circulation time, blood flow into the chest was 
impeded while blood flow out of the right heart 
was not. This may have been due to precardiac 
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Fic. 11. Relation of arterial pressure response to valvular hydraulics and to ventricular function. Ventricular function 
(Starling) curves are patterned after Sarnoff, Berglund and Case,**:** but are drawn backwards to match the direc- 
tion of change in blood pressure during straining. The points A and C demonstrate how the slope of the curve affects the 
response; point B shows that when filling pressure is high enough to lie on the flat part of the curve, an abnormal re- 
sponse results. The slope of the valvular pressure-flow curve*' affects valvular flow and the type of arterial pressure 
response in similar fashion to the ventricular function curve. Pulmonary congestion places the starting point of the 
phenomenon further to the left toward the flatter part of the pressure-flow curve. 


tamponade in association with a flat (failure- 
type) right ventricular function curve. The 
other two patients could not exceed 25 to 30 mm. 
Hg airway pressure; neither thoracic venous in- 
flow nor right heart outflow were impeded. 
Whether this was related to less effective tam- 
ponade or to a greater splanchnic venous 
reservoir cannot be stated. The unchanged 
pulmonary arterial flow and pressure in these 
patients suggest that there is little significant 
increase in pulmonary vascular resistance dur- 
ing airway straining such as is seen in the open- 
chest dog.** 

No observations were made in this study of the 
effect of severe pulmonic stenosis or tricuspid 
stenosis. 

The role of systemic vasoconstriction as the 
sole cause of the abnormal response is excluded 
by Greene and Bunnell’s observations'® that 
with tetracthylammonium chloride therapy suf- 
ficient to abolish the phase tv vasoconstrictor 
overshoot the abnormal response of phase 1 
remained unchanged in patients with mitral 
stenosis. That severe acute vasoconstriction with 
norepinephrine can change a normal blood 
pressure response to an intermediate type was 
shown by Price and Connor.'' They believed this 
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was related to acute pulmonary plethora* and 
by inference to an acute change in left ventricu- 
lar function as well.**-** 

Circulation During the Overshoot. The hyper- 
tension of the overshoot phase normally is due to 
the combination of vasoconstriction plus acceler- 
ation of blood flow out of the chest.?? Occa- 
sionally, a small overshoot was seen in a patient 
with an intermediate response. Two possible 
explanations for this are (1) the final falling off 
of pressure in phase 1 may have been sufficient 
stimulus for further vasoconstriction and (2) be- 
cause the overshoot rise in arterial pressure was 
no greater than the overshoot rise in pulmonary 
wedge pressure, no change took place in net left 
ventricular work. 

A difference in the time of arrival was noted 
between the overshoot peaks in the pulmonary 
capillary and systemic arterial pressures in pa- 
tients with mitral stenosis. The wedge pressure 
overshoot occurred alone or preceded any bra- 
chial arterial overshoot by about four seconds. 
Normally and in mitral insufficiency, for exam- 
ple, the overshoots in pulmonary capillary and 
arterial pressures peak simultaneously. Presuma- 
bly the delayed or absent overshoot in the 
arterial pressure® was related to a delayed build- 
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up of left ventricular diastolic volume and pres- 
sure due to the mitral stenosis and its peculiar 
pressure-flow relations. Whether this delay may 
be helpful as an aid in separating valvular 
obstruction from left ventricular failure is 
presently under investigation. 


CLINICAL APPLICATIONS 


An abnormal test is the result of left ventric- 
ular failure, right ventricular failure, or tight 
mitral or aortic stenosis. The finding of an ab- 
normal response may be attributed to a left-sided 
cardiac lesion only when right ventricular failure 
is absent. The test is used to best advantage in 
the study of borderline rather than overt cases. 
This may be done at the bedside utilizing an 
ordinary sphygmomanometer.* The type of 
response can be detected accurately in 80 per 
cent of patients. Moderate degrees of left ven- 
tricular failure give an abnormal response. Thus 
in the differential diagnosis of dyspnea, particu- 
larly in the elderly arteriosclerotic patient with 
emphysema, this maneuver can quickly dis- 
close a cardiac component. | 

Tight aortic stenosis results in an abnormal 
response. The early clinical and even laboratory 
diagnosis of dynamically significant aortic steno- 
sis is at best difhicult.** A flat ventricular func- 
tion curve is characteristic of a tight valve. The 
Valsalva maneuver demonstrated this important 
physiologic abnormality quickly and easily. 

Tight mitral stenosis similarly results in an 
abnormal response. No patient with an abnor- 
mal or intermediate response had a measured or 
calculated valve area greater than 1.6 cm.* 
Those patients with a mitral murmur and a 
normal response had little or no disability and 
only minor evidence of physiologic abnormality 
by other tests. 

The clinical use of the Valsalva maneuver is 
not so important in lesions of the right side of the 
heart which are accessible to other forms of bed- 
side study. 

Changes in the test are indicative of the meas- 
ure of success of therapy such as digitalization 
and diuresis. Patients with mitral disease have 
been followed up during pregnancy using the 
abnormal response as evidence of severe pul- 
monary congestion. Similarly, patients with 
myocardial infarction, in whom there is a ques- 
tion of associated congestive failure, could be 
simply and easily tested. This was shown in pa- 
tients A. B. and J. P. who went into clinical 
shock following myocardial infarction. At this 
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time the Valsalva response was abnormal. 
Both were thought to have acute myocardial 
failure: each was digitalized with clinical 
improvement and conversion of the response 
to normal. Likewise, changes in the response 
during administration of large amounts of in- 
travenous fluids may give early warning of 
impending pulmonary edema in elderly patients 
and patients with cardiac disease.'* 

Nineteen of twenty-three patients with an 
abnormal response to the Valsalva maneuver 
were class u1 or Iv cardiac patients. Other tests of 
circulatory function were frequently abnormal 
and no patient in this group failed to have either 
an elevated pulmonary wedge or systemic venous 
pressure. 

Patients with an intermediate response usually 
were class | cardiac patients. They had evidence 
of heart disease but without marked alterations 
in other tests of circulatory function except for 
pulmonary capillary pressure. Systemic venous 
pressures were normal in all but the one patient 
with cor pulmonale. 

The patients with a normal response had little 
or no evidence of markedly altered ventricular 
function or valvular hydraulics. Evidence of 
decreasing left ventricular stroke work (a normal 


response) indicated that these curves and the 


functions they represented were normal or 
nearly so. (Fig. 11.) The only exception might 
have been when ventricular filling pressures were 
so low that they lay on the sloping part of even 
an abnormal curve. (Fig. 11.) This may have oc- 
curred in patient H. C. with atrial septal defect, 
severe pulmonary hypertension and a small 
right-to-left shunt. The common atrial pressure 
was 3 mm. He and this decreased even further 
during straining. The Valsalva response was 
borderline normal but with no overshoot. 

The test should be done in the supine position. 
An abnormal response should be followed by 
repetition in the head-up position on a ult table 
and a normal response by repetition in the ele- 
vated leg position. The final result can be classi- 
fied as normal, intermediate or abnormal. 

The advantages of the test are simplicity, 
rapidity, reliability and sensitivity to change. 
On the other hand, the test requires the patient's 
complete cooperation, and errors occur if the 
maneuver is improperly performed. If the airway 
pressure is inaccurately or slowly elevated to a 
maximum or if the test is begun from the ex- 
treme expiratory mid-position, a false positive 
response may result. If airway pressure is per- 
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mitted to fall once the peak has been obtained, 
then a falsely normal test results. 

The only potential hazard of the Valsalva 
maneuver is hypotension and low coronary 
perfusion pressure in patients with a normal 
response. In a single individual with severe 
coronary disease, an attack of angina pectoris 
resulted after seven successive prolonged manceu- 
vers. The attack cleared quickly with nitro- 
glycerine. Such episodes have since been avoided 
by restricting the period of straining to ten 
seconds and not repeating the test unnecessarily 
in susceptible patients. Because coronary per- 
fusion can be decreased markedly in phase u 
the electrocardiographic changes during strain- 
ing are presently under study.”* 


SUMMARY 


Eighty-cight observations were made in 
seventy-cight subjects: seven normal persons 
and seventy-one patients with various forms of 
heart and lung disease. Directly recorded and 
ausculted arterial pressure measurements were 
obtained during the Valsalva maneuver. Other 
tests of circulatory and pulmonary function were 
performed as indicated, including cardiac cathe- 
terization in forty-two subjects. The clinical and 
physiologic results were correlated. 

A normal arterial pressure response during 
forced expiration (falling arterial pressure) 
was observed in normal subjects, in pregnancy 
and in heart disease without heart failure or 
vascular stenosis. 

An abnormal arterial pressure response (un- 
changed arterial pressure) was observed in 
twenty-three patients with left or right ventricu- 
lar failure or tight aortic or mitral stenosis (0.5 
to 1.0 cm.*). Most patients in this group were in 
class m or tv. There was good correlation with 
abnormalities in other tests of cardiac function 
including elevated pulmonary capillary wedge 
and/or right atrial pressures. 

Twenty-six patients showed an intermediate 


response; in these an abnormal test either could - 


be elicited by alterations in body position or was 
inconstant in degree and frequency. These 
cardiac patients were usually in class u, with 
either mild left ventricular failure or mild to 
moderately severe mitral stenosis (0.8 to 1.5 
cm.*) or tight aortic stenosis; there was one 
patient with chronic cor pulmonale. Correlations 
with tests of cardiac function other than elevated 
pulmonary wedge pressure were not striking. 
The difference between the normal and the 
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abnormal Valsalva response was believed to 
depend on a flattened ventricular function curve 
or a flattened valvular pressure-flow curve. 
The simplicity and reliability of the Valsalva 
maneuver as a Clinical test utilizing an ordinary 
blood pressure cuff is emphasized. Its greatest 
clinical value lay in the fact that, in the absence 
of severe right ventricular failure, the test can 
detect early left ventricular failure, tight mitral 
stenosis or tight aortic stenosis. 
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Coronary Arteriovenous F istula’ 


Climcal and Physiologic Report on Two 
Patients, with Review of the Literature 


Raymonp J. WatTHerR, m.p., GeEorce W. B. STARKEY, M.D., EVANGELINE ZERVOPOLUS, M.D. 
and A. GIBBONS, M.D.T 


Boston, Massachusetts 


ATENT ductus arteriosus is the most common 
on of a continuous precordial murmur. 
Another cause of the continuous murmur is a 
fistulous communication between the coronary 
artery and the right heart. This abnormality 
when occurring as an isolated lesion may pro- 
duce findings closely resembling or perhaps 
indistinguishable from the patent ductus. Re- 
cently we have observed two patients with 
coronary arteriovenous fistulas, both of whom 
have been studied by venous catheterization. 
In this report the clinical features of this anomaly 
and its effect on the circulation will be presented 
along with a review of the literature. 


MATERIALS AND METHODS 


The two patients reported herein were seen in the 
outpatient department of the Pediatric Service at the 
Boston City Hospital. Venous catheterization was per- 
formed in the conventional manner with the patients 
in the resting state. Pressures were recorded by a 
Sanborn electromanometer and a Statham strain 
gage with the zero point of reference as the skin of the 
back. Cardiac outputs were determined according to 
the Fick principle. 


CASE REPORTS 


Case 1. E. L., an eight year old white girl was 
found to have a heart murmur three months after 
birth. She had developed normally and was in every 
way able to keep up with her contemporaries. There 
were no symptoms referable to the cardiovascular 
system. 

On physical examination the blood pressure was 
130/84. The patient was well developed and nour- 
ished. No cardiac enlargement was present. There 
was a grade Vv roaring continuous murmur accom- 


panied by a thrill, maximal in the fourth and fifth 
intercostal spaces close to the left sternal border. Just 
medial to the apex and in the pulmonic area the mur- 
mur was more to and fro rather than continuous in 
timing. The pulmonic closure was normal in intensity 
and normally split. There was no cyanosis or clubbing 
and no evidence of peripheral congestion. 

The electrocardiogram showed no abnormalities. 
X-ray and fluoroscopy of the chest revealed a slightly 
enlarged left atrium, and slight increase in the pul- 
monary vascular markings. (Fig. 1.) The phonocardio- 
gram demonstrated crescendo-decrescendo murmurs 
in systole and diastole. (Fig. 2.) 

Hemodynamic data are seen in Table 1. The 
catheter entered the coronary venous system. Blood 
drawn from the distal coronary sinus contained the 
usual small amount of oxygen, but blood drawn from 
the middle cardiac vein was fully saturated with oxy- 
gen. The position of the catheter in the middle cardiac 
vein is seen in Figure 3. The calculated shunt of oxy- 
genated blood into the right side of the heart was 
5.2 L./ minute. 


Case u. P.S., a fourteen year old white girl was 
first known to have a cardiac murmur at the age of 
twelve months. There were never any symptoms 
referable to the cardiovascular system and develo 
ment had been normal. | 

On physical examination, the blood pressure was 
120,70. The patient was well developed and obese. No 
abnormal venous or arterial pulsations were present. 
The apical impulse was forceful and was located 1 cm. 
lateral to the mid-clavicular line in the fifth intercostal 
space. A grade 1 continuous machinery murmur was 
heard at the left sternal border, maximal in the second 
intercostal space. The pulmonic closure was normal in 
intensity and normally split. There was no cyanosis, 
clubbing or evidence of peripheral congestion. 


* From the Circulation Laboratory of the Tufts University Medical Service, the Boston University Pediatric, and 
the Thoracic Surgical Services of the Boston City Hospital, Boston, Massachusetts. Supported in part by grants from the 
National Heart Institute, United States Public Health Service, and the Massachusetts Heart Association. 


t Present address: San Diego, California. 
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Fic. 1. Case 1. Posteroanterior and right anterior oblique films demonstrating slight prominence of the pulmonary 
vascular markings and slight enlargement of the left atrium. 


X-rays and fluoroscopy of the chest revealed slightly 
increased transverse diameter of the heart and promi- 
nence of the main pulmonary artery. (Fig. 4.) The 
heart and lung fields were otherwise within normal 
limits. The electrocardiogram disclosed a frontal axis 
of 0° and ST, T wave abnormalities in standard lead 
I and AVL. (Fig. 5.) A phonocardiogram demon- 
strated the continuous murmur. (Fig. 6.) 

The clinical picture strongly favored patent ductus 
arteriosus, but at thoracotomy this diagnosis was not 
confirmed. A continuous thrill was felt over the main 
pulmonary artery, this structure being moderately 
enlarged. The thrill could be abolished by briefly 
occluding the pulmonary artery at the valve. Ob- 
struction just distal to this point failed to eliminate 
the thrill. Careful dissection of the pulmonary artery 
and aorta to their bases revealed no fenestrum. On 
examination of the anterior surface of the right 
ventricle, a continuous thrill was felt over the right 
coronary artery. When the heart was rotated out of the 
pericardium an aneurysm-like dilatation of the right 
coronary artery became visible about 3.0 cm. from the 
pulmonary valve. The vessel projected above the sur- 
face of the myocardium, but was deeply imbedded in 
its substance. There was a deep groove as this vessel 
crossed the upper part of the right ventricle and it 
seemed to disappear into the right ventricular myo- 
cardium just proximal to the pulmonic valve. The 
thrill could not be completely abolished by compres- 
sion of the dilated portion of the right coronary artery. 
No attempt was made to ligate the abnormal vessel. 
The conclusion at surgery was that a communication 
was present between the right coronary artery and the 


outflow tract of the right ventricle or the pulmonary 
artery. Figure 7 is a sketch of the findings at operation. 

Venous catheterization was performed on Septem- 
ber 22, 1955. (Table u.) The results were consistent 
with the anatomic situation observed at operation. 
The pulmonary artery blood contained from 14 to 
26 cc./L. more oxygen than the right ventricular 
blood. The evidence favors a communication distal 
to the pulmonic valve. 


COMMENTS 


General Considerations. Eleven case reports of 
coronary arteriovenous fistulas occurring as the 
only congenital lesion have been collected from 
the literature and are listed in Table m1, Cases 1 
to 11. Of these, four anatomic variants have been 
described. Arterial blood from the coronary tree 
may drain into the right atrium directly or by 
way of the coronary sinus, or into the right 
ventricular outflow tract or into the pulmonary 
artery. The consequent left to right shunt adds to 
the volume work of the left ventricle because this 
chamber must handle not only the peripheral 
flow but the portion which runs off into the cen- 
tral venous system. If the receiving chamber is 
the right atrium or ventricle, then the right 
ventricle also participates in the increased 
volume work; but if drainage is into the pul- 
monary artery, the additional volume load is 
handled by the left ventricle alone. In any case, 
the shunted blood must traverse the pulmo- 
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nary circuit and its flow is consequently greater 
than systemic tissue flow. 

Clinical Features. Murmur: Since there is a 
pressure gradient from the arterial to the venous 
system in systole and diastole, shunting is present 
throughout the cardiac cycle and the murmur is 


TABLE I 
HEMODYNAMIC DATA IN CASE 1t* 


\ 


Pressures 
(mm. He) 
Blood Oh» 
Site Content 
(ec 
Mean 
Superior vena cava 124 
Inferior vena cava 118 
Right atrium 4 125 
Middle cardiac vein (occluding | 31 4 189 (101°, sat.) 
Right ventricle 144 
Main pulmonary artery w 13 21 143 
Right pulmonary artery 27 1 99 
Right “pulmonary capillary” 9 
Distal coronary sinus 4§ 12 62 
Femoral artery | a4 165 (99% sat.) 
K 
Blood Flows 
L.. per min. L. per M? per min. 
Pulmonary 11 1 11.7 
Peripheral > 9 6.2 
Left to right shunt § 2 5.5 


Note: Zero point of reference, skin of the back. 
* Patient E. L., chest diameter 13.5 om., body surface area 0.95 M?. 


likely to be continuous. In eight of the reported 
ten cases in which the auscultatory findings were 
described, a continuous murmur was heard. 
However Halpert’s [/] patient exhibited only a 
systolic murmur, and Colbeck and Shaw [8&] 
described aortic systolic and diastolic murmurs 
in one case. The murmur in one of our patients, 
E. L., sounded continuous at the apex, but to 
and fro at the fourth left intercostal space. Our 
second patient, P. S., had a continuous murmur. 
Of the patients exhibiting a murmur in both 
systole and diastole, the site of maximum in- 
tensity was to the left of the sternum in all but 
one. In six patients the murmur was best heard in 
the pulmonic area, and in three it was also 
easily audible an interspace or more below. The 
mid and lower left sternal border was the site of 
maximum intensity in two patients and the 
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lower right sternal border in one. The location 
was not described in another. Characteristically, 
the murmur of a patent ductus is heard best in 
the second intercostal space just lateral to the 
pulmonic area [/2]. It is usually heard well up to 
the clavicle and is transmitted to the axilla and 


TABLE 
HEMODYNAMIC DATA IN CASE n* 


A 
Pressures 
(mm. Hg) 
. Blood O: 
Svs | (ee. per L.) 
tolic | tolic | 
Superior vena cava «118 
Right atrium 
Right ventricle 27 7 ee 
Pulmonary artery (at valve) 32 15 25 | 129 
Pulmonary artery (distal). 33 17 25 | 141 
Left pulmonary artery 
Middle cardiac vein %6 4 
Left brachial artery... ..| 102 | 65 75 | 177 (98% sat.) 


Blood Flows 


Left to right shunt. . .. 


Note: Zero point of reference, skin of the back. 
* Patient P. S., chest diameter 23.5 cm., body surface areal.72 M?. 


posteriorly to the right of the scapula. Because of 
location of the murmur in the pulmonic area, 
the diagnosis of patent ductus arteriosus might 
easily have been made in at least six of these 
patients. On the other hand, the presence of a 
continuous murmur heard best in a site not 
typical for the ductus should arouse suspicion 
that this is not the anomaly present. Since the 
auscultatory findings in all lesions associated 
with a continuous precordial murmur may bear 
striking resemblances, it is pertinent to out- 
line the other causes here: (1) Acquired or con- 
genital aneurysm of the sinus of Valsalva with 
communication between it and the right atrium 
or ventricle may cause a continuous murmur. Its 
maximum intensity is usually lower in location 
than that of a patent ductus [/3]. (2) An aortic 
pulmonary septal defect by auscultation may 
closely resemble the findings of patent ductus, 


B 
L.. per min L. per M? per min. 
Pulmonary 7.6 41 
5 0 2.9 
2.0 1.2 
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Fic. 2. Case 1. Phonocardiogram demonstrating a con- 
tinuous murmur at the apex and lower left sternal border. 
‘The murmur seems to have its greater intensity in mid- 
systole and mid-diastole. 


although the maximum intensity of the murmur 
may be lower than the second intercostal 
space [/4]. (3) Collateral circulation between 
the bronchial and pulmonary arteries in truncus 
and pseudotruncus arteriosus may exhibit a 
continuous murmur heard usually over the 
whole thorax [/5,/6]. (4) Total anomalous pul- 
monary venous drainage into the left innominate 
vein has been described as a cause of a continu- 
ous murmur, usually softer than that of a patent 
ductus, and best heard in the pulmonic area {7/7}. 
(5) Pulmonary arteriovenous fistulas may pro- 
duce a continuous murmur heard over the pre- 
cordium. Numbers 3 to 5 are most commonly 
accompanied by visible cyanosis unless a very 
high pulmonary flow is present, and as a rule are 
not difficuh to distinguish from the acyanotic 
group. 

Electrocardiograms: The increased volume work 
imposed upon the heart may be borne either by 
the left ventricle alone, or in most instances by 
both ventricular chambers. In the first in- 
stance, if the load is sufficient, the electrocardio- 
graphic pattern of left ventricular hypertrophy 
would evolve. In the latter case, also if volume 
work is large enough, a pattern of combined 
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ventricular hypertrophy might be expected. 
In nine of the reported cases, including our two, 
electrocardiographic findings were described. In 
five patients the records were normal. Left axis 
deviation and left ventricular preponderance 
were noted in one, left bundle branch block and 


GREAT CARDIAC VE/N 


Fic. 3. Case 1. Drawing from films taken during cathe- 
terization illustrating the position of the catheter in the 
middle cardiac vein and the distal coronary sinus. Sam- 
ples were taken approximately at sites A and B. 


atrial fibrillation in one, and ST, T wave ab- 
normalities were present in our second patient, 
P. S. Atrial fibrillation without other abnormali- 
ties were recorded in two patients. It is unlikely 
that the atrial fibrillation in the two cases was 
related to the coronary arteriovenous fistula. In 
one instance the patient was in congestive failure 
as a result of lymphangitic spread of cancer of the 
breast to the lungs, and the second patient was 
eighty-six years of age. 

Roentgenographic and fluoroscopic findings: Ven- 
tricular enlargement seen on x-ray and fluoros- 
copy should roughly parallel the electrocardio- 
graphic expression of selective chamber overwork 
as commented on previously. Prominence of the 
pulmonary artery, increased pulmonary vascular 
markings, and hilar dance are not uncommon 
findings in congenital lesions with increased pul- 
monary blood flow. In nine of the reported cases 


Sa 
‘ \ 
MIDOLE 
CARDIAC VEIN 
| 


Fic. 4. Case nu. Posteroanterior projection showing slight 
increase in transverse diameter of the heart. Fluoroscopy 
revealed slight prominence of the main pulmonary artery 
segment. 


radiographic studies were described, and of these 
six were abnormal. The data, including that on 
our two cases are shown in Table m. Prominence 
of the main pulmonary artery appeared in five, 
cardiac enlargement was reported in four, left 
ventricular prominence in two, and left atrial 
enlargement in two. Pulmonary congestion was 
present in one patient with congestive failure. In 
Biérck’s patient a hilar dance was observed, and 
in our first patient, E. L., the pulmonary vascular 
markings were increased. Enlargement of the left 
atrium, noted in patient E. L. and in the patient 
presented by Brown and Burnett is similar to that 
seen in other congenital lesions associated with 
large left to right shunts, for example, ventricular 
septal defect or patent ductus arteriosus. 

Hemodynamic studies: In two of the cases re- 
ported, data obtained from venous catheteriza- 
tion are listed. Flows and pressures are recorded 
in the case presented by Davison et al. Flows 
can be computed from the values of blood oxygen 
content and oxygen consumption given by Davis 
et al. in their case. The data from these two 
reports is tabulated with that from our two pa- 
tients in Table rv. 

In the fifty-eight year old patient of Davison, 
the right atrial, right ventricular and pulmonary 
arterial pressures were elevated. This subject 
was clinically decompensated at the time of the 
study. Although pulmonary vascular resistance 
cannot be accurately calculated, the elevation of 
pulmonary arterial pressure suggests that pul- 
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monary vascular resistance is slightly increased. 
The left to right shunt was 3.9 L./minute. This 
patient had a rapid downhill course of congestive 
failure which terminated fatally. The coronary 
arteriovenous fistula seems to have been a major 
cause of congestive failure in only this case. 

The patient reported by Davis et al. and our 
second patient, P. S., are nearly comparable in 
respect to both the anatomic diagnosis and 
catheterization findings. Pressures in both in- 
stances were normal and the flows were almost 
the same. The left to right shunt was small in 
both and should be handled by the heart without 
difficulty. 

In our first patient, E. L., the pulmonary 
blood flow was about twice that of peripheral 
flow. The pressures were normal and there was 
no evidence of increased resistance to flow 
through the lungs. This patient’s left to right 
shunt (5.2 L./minute) was the largest of the 
group. 

Diagnosis: The clinical diagnosis of coronary 
arteriovenous fistula as is demonstrated in the 
cases under discussion is difficult. In all patients 
except one, E. L., the diagnosis was made at the 
time of operation or by necropsy. The pre- 
operative diagnoses in the six subjects having 
thoracotomy were: patent ductus in four, 
aorticopulmonic fistula in one, and arteriovenous 
fistula, exact site undetermined in one. In pa- 
tient E. L. the unusual location of the continuous 
murmur along the lower left sternal border sug- 
gested an arteriovenous communication most 
likely involving the coronary system. For this 
reason, venous catheterization was performed 
and the lesion was demonstrated. 

It is apparent that the group of patients hav- 
ing a continuous murmur in the area common to 
patent ductus will for the most part evade 
accurate diagnosis until thoracotomy is _per- 
formed. On the other hand, when the murmur is 
in an atypical location, coronary arteriovenous 
fistula should be considered in the differential 
diagnosis. When these findings are present ven- 
ous catheterization may be of important diag- 
nostic value. If the communication is between 
the coronary artery and the coronary venous 
drainage, sampling from the coronary sinus or 
its more distal tributaries will reveal an elevation 
in oxygen content of the blood. If the arterial 
communication is with the right ventricle or 
pulmonary artery, it is unlikely that this pro- 
cedure will be of diagnostic aid. In the former 
instance the findings may be identical to those of 
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Fic. 5. Case nu. Electrocardiogram. The frontal axis is about C degrees. ST and T wave abnormalities are present in 


standard lead I and AVL. 


a. Apex 


b 2nd Lt. LC 


S; S2 | 


Fic. 6. Case u. Phonocardiogram demonstrating a con- 
tinuous murmur at and just lateral to the pulmonic area. 


a ventricular septal defect or patent ductus 
with pulmonic insufficiency. When the com- 
munication is with the pulmonary artery, an 
increase in the blood oxygen content of the main 
pulmonary artery would not distinguish between 
this lesion and a patent ductus. Although venous 


% anomalous 


vessel 


Fic. 7. Case u. Sketch of heart as seen at operation. The 
large anomalous channel came from the right coronary 
artery and disappeared into the right ventricular sub- 
stance just proximal to the pulmonary valve. 


catheterization is of value in diagnosis and func- 
tional assessment of coronary arteriovenous 
fistula, the procedure is not without some hazard 
in this lesion. Pathologic study of the cases in- 
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cluded in this report show that the dilated anom- 
alous channels are sometimes no more than thin 
walled sacs. It is not inconceivable that forceful 
manipulation of the catheter might result in 
penetration of the wall. Great care should there- 
fore be exercised when the catheter enters the 
coronary venous system. 

Prognosis: Of the six necropsy reports there is 
sufficient explanation for the cause of death in 
five cases without incriminating the coronary 
arteriovenous fistula. Three patients, Cases 7, 
1 and 3 died of metastatic malignancy at ages 
seventy-six, fifty-four and forty-three, respec- 
tively. Léwenheim’s patient, age sixty-two had 
significant hypertension, an adequate explana- 
tion for the congestive failure. Colbeck’s patient 
survived without cardiovascular symptoms to 
age eighty-five, at which time congestive failure 
developed. In the case of Brown and Burnett, 
acute laryngotracheobronchitis was the cause of 
death. Lack of any other cardiovascular ab- 
normalities in the case of Davison et al. favors 
the coronary arteriovenous communication as 
the most important factor in this patient’s rapid 
downhill course of congestive failure and death. 

Of the seven living patients six have had 
thoracotomies. In three no attempt was made to 
correct the anomalous communication, and in 
three a corrective procedure was performed. 
All of the living patients were well at the time 
they were reported, and our two patients have 
remained asymptomatic. Significant cardiac 
symptomatology was described preoperatively 
by Biérck and also by Sondergaard in their two 
patients. Sondergaard describes disappearance 
of symptoms, regression of heart size, and ab- 
sence of a left to right shunt as demonstrated by 
venous catheterization three months after cor- 
rective surgery. Bidrck’s patient, evaluated four 
months after ligation of the anomalous vessel, 
had improved symptomatically. A third patient 
reported by Davis had no cardiovascular symp- 
toms before corrective surgery. 

Two potential complications of this lesion are 
worth mentioning at this point. Subacute bac- 
terial endarteritis was not encountered in any of 
the case reports, but since it is not infrequently 
seen in patent ductus and may occur in periph- 


eral arteriovenous fistulas, it might be expected . 


to occur in this lesion. It should be noted also 
that in other congenital cardiovascular anom- 
alies in which pulmonary blood flow is increased, 
the vascular resistance of the lesser circulation 
may become elevated, and it has been suggested 
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that a high pulmonary flow is sometimes respon- 
sible for the increased resistance |/8,79]. If this 
be the case, then it might be expected that pul- 
monary vascular obstruction would occur in 
some of these patients. Based on necropsy find- 
ings of the lungs there is no evidence that this 
obtains, but in the case reported by Davison et 
al. physiologic data suggest that pulmonary 
resistance was moderately increased. 

Treatment: No conclusions can be drawn con- 
cerning the proper management of a coronary 
arteriovenous fistula. Because of its apparently 
good prognosis in the asymptomatic patient, cor- 
rective surgery might be reasonably deferred 
in this group. As mentioned before, a certain 
number of patients will likely not have a correct 
diagnosis before the surgeon has opened the 
chest. Whether or not correction should be car- 
ried out at that time will depend upon the sur- 
geon’s estimate of the operability of the lesion as 
well as the preoperative clinical estimate of the 
functional significance of the lesion. In this 
respect the more cogent considerations should 
be: (1) symptomatology, (2) presence or absence 
of ventricular hypertrophy by electrocardio- 
gram and (3) size of the heart and pulmonary 
artery as well as degree of vascularity of the lungs 
by x-ray. If the diagnosis is made by venous 
catheterization, physiologic data will be a useful 
guide in the course to follow. 


SUMMARY 


1. Two cases of congenital arteriovenous com- 
munication of the coronary system studied by 
venous catheterization are presented. 

2. The clinical features and the effects of this 
lesion on the circulation are discussed. 

3. ‘Twelve cases of this anomaly found in the 
literature are reviewed. 


Acknowledgment: We are indebted to Miss 
Caroline Thalheimer for her technical assistance 
and to Miss Violet Peters for her help in prepar- - 
ing the manuscript. 


ADDENDUM 


Dr. Edward F. Bland of the Department of 
Cardiology of the Massachusetts General Hospi- 
tal granted us permission to examine the record 
of the patient reported by Paul et al. in 1949. 
This boy is now sixteen years of age, has grown 
normally, has had no cardiovascular symptoms 
and leads a completely normal life. 
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The Electrocardiogram in Atrial 
Septal Defect’ 


A Study of Twenty-four Cases, with 
Observations on the RSR'-V1 Pattern 


W. R. Minor, m.p. and C. A. BERTRAND, M.D. 


Baltimore, Maryland 


HE development of surgical methods for 

repairing congenital defects of the interatrial 
septum makes accurate diagnosis of the presence 
and exact location of such lesions a matter of 
practical importance. Although numerous au- 
thors'**?!!° have described the electrocardio- 
graphic findings in cases of atrial septal defect, 
there are relatively few reports which include 
both anatomic proof of the diagnosis and com- 
plete electrocardiographic observations with 
multiple precordial leads, and little attention has 
been given to the location of the defect in the 
septum. These facts led us to undertake a study 
of the electrocardiogram in atrial septal defect 
based on a group of cases in which the diagnosis 
was confirmed by autopsy or surgical exploration. 


MATERIAL 


Twenty-four patients form the basis of the present 
report; the pertinent data are given in Table 1. In all 
cases, cardiac catheterization was performed, electro- 
cardiograms with at least three limb leads and three 
precordial leads were recorded, and the diagnosis of 
atrial septal defect, uncomplicated by other lesions 
except auricular or ventricular hypertrophy or anom- 
alies of the atrio-ventricular valves, was confirmed by 
autopsy (seven cases) or by surgical exploration 
(seventeen cases). These include all patients over 
twelve months of age examined at the Johns Hopkins 
Hospital from 1950 to 1955, inclusive, which satisfied 
the requirements stated, and one patient (Case 5) 
examined at the Clinical Center, National Heart 
Institute, National Institutes of Health, Bethesda, 
Maryland. Cases of atrial septal defect with com- 
plicating lesions other than those specified heretofore 
were excluded from this series, with the single excep- 


tion of Case 3 in which a small and probably func- 
tionally insignificant patent ductus arteriosus was 
ligated when the patient was fourteen months old, 
nine years prior to the observations reported here. 

In six of the autopsy cases (Cases 1, 2, 3, 4, 6, 20) 
surgical repair of the defect had previously been 
attempted. 

Since atrial septal defects are sometimes compatible 
with a long and asymptomatic life,’ it should be 
pointed out that in all the cases described here 
symptoms attributable to the cardiac anomaly had 
developed and our conclusions therefore do not 
necessarily apply to less severe or asymptomatic cases. 


METHODS 


Anatomic Criteria. In five of the autopsy cases the 
heart was re-examined by one of the authors; in the 
remaining cases information was obtained from the 
detailed report of the pathologist or from the surgeon. 
In each of the autopsy cases an increase in the size of a 
ventricle was accompanied by an increase in the wall 
thickness. 

The absence of complicating lesions is, of course, 
less certain in the surgical than in the autopsy cases 
but every effort was made at the time of operation to 
rule out additional abnormalities. 

The cases were divided into two groups on the basis 
of the site and character of the septal defect. Defects 
which were adjacent to the endocardial cushion be- 
tween the tricuspid and mitral valves, with no remain- 
ing rim of septum along this edge, were designated 
“persistent ostium? primum.”’ All other defects 


+t The word “foramen” (= Latin “hole’”’) has been 
favored by anatomists, and is perhaps a more exact term 
for describing an opening in a septum between two 
chambers, but “‘ostium” (= Latin ‘‘door’”’) has gained 
wide clinical use. 


* From the Department of Medicine, The Johns Hopkins University School of Medicine and Hospital, Baltimore, 
Maryland. This work was supported in part by a research grant (H-328) from the National Heart Institute of the 
National Institutes of Health, United States Public Health Service. 
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were called “persistent ostium secundum,” and fur- 
ther characterized by their position in the septum 
as “high” (cephalad) or “‘mid-septal.”’ 

Such a distinction is not always embryologically 
accurate,’ particularly in the case of large or multiple 
defects where both foramina and both septa are 
probably abnormal. It does have practical value, 
however, because surgical repair of the defect is 
technically very difficult if no rim of tissue remains 
above the intervalvular endocardial cushion. Al- 
though in many cases (Cases 1, 2, 3, 4) an anomaly of 
the mitral or tricuspid valve accompanies the 
“ostium primum” type of defect,'*:'® this is not in- 
variably true and is not here included as part of the 
definition. 

In Case 9, although the surgeon believed a very 
narrow ridge of atrial septum still remained at the 
lower edge of the defect, he could not be certain and 
it may not be correct to list this case as a persistent 
ostium secundum. 

In Case 1 there was a wide and continuous cleft in 
the aortic leaflet of the mitral valve and the septal 
leaflet of the wicuspid valve which must of necessity 
have allowed regurgitation through both valves. In 
Cases 2, 3 and 4 only the mitral valve showed a cleft, 
and it was impossible to tell from examination of the 
valve alone whether or not it had been functionally 
insufficient. The presence of left ventricular hyper- 
trophy in Cases 2 and 3 was regarded as evidence that 
mitral insufficiency had been present. 

Electrocardiography. The data in Tablet refer to the 
latest clectrocardiogram prior to operation or, if no 
operation was performed, to the latest available 
record. Electrocardiograms had been taken within 
six months of death in the autopsy cases and not 
more than two months before operation in the 
others. 

Routine electrocardiograms, recorded at standard 
paper speed of 25 mm. per second on cither a single- 
channel photographic or two-channel “direct-writ- 
ing” instrument, were used in most instances. In 
nine cases clectrocardiograms similar to those shown 
in Figures | and 2, with simultaneous multiple-lead 
records at faster paper speeds and higher frequency 
response, were also available. The vectorcardiogram 
in Figure 2 was recorded from a bipolar cubical lead 
system in use in this laboratory,"* in which the x, y and 
z axes share one common electrode on the right upper 
back. 

The normal limits for PR interval and P wave 
amplitude published by the New York Heart Asso- 
ciation’* were used for patients over seventeen years 
of age and those published by Ziegler" for younger 
patients. 

The mean frontal plane QRS axis was calculated 
from the standard limb leads and the nomogram of 
Carter, Richter and Greene." Axes with positive values 
from 0° to +90° or negative values from 0° to — 10° 
were considered to be normal. The area of “‘left axis 
deviation” was defined as —11 to —90°, and “right 
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axis deviation”’ as the two quadrants from +91° to 
180° and —91° to 180°. 

Electrocardiograms were interpreted as showing 
evidence of right ventricular hypertrophy when the 
R/S ratio in lead V1 was greater than 1.0, the maxi- 
mum amplitude of R or R’ in lead V1 was greater 
than 0.5 millivolts, and the QRS duration was less 
than 0.12 seconds. These criteria are derived from an 
unpublished study in this laboratory, described below 
in more detail. Right axis deviation, absence of the 
normal “precordial transition” and a QRS-T angle 
approaching 180° usually accompanied this pattern 
but were not required for the electrocardiographic 
diagnosis of “right ventricular hypertrophy.” 

The term “RSR’-V1 pattern” is used to describe 
this QRS complex configuration in lead V1, regardless 
of duration, and includes instances where an S’ is also 
present in this lead. 

A maximum R wave amplitude of more than 2.2 
millivolts in lead 1, or more than 2.5 millivolts in lead 
\V 6, was interpreted as electrocardiographic evidence 
of left ventricular hypertrophy. 

Measurements of the “‘intrinsicoid deflection time” 
were not used. In our opinion the use of the R-peak 
in leads from the body surface as an indication of the 
time of arrival of the depolarization wave over one 
ventricle is unsound in theory and gives no diagnostic 
information in practice that is not provided by meas- 
urement of the total QRS duration. 

Cardiac Catheterization. Data were obtained during 
routine diagnostic catheterization. The right ventricu- 
lar or pulmonary artery pressures given in Table | 
were measured during mid-inspiration. The zero level 
for pressure readings was a plane parallel with the top 
of the fluoroscope table, at a distance above it equal to 
two-thirds the maximum sagittal diameter of the pa- 
tient’s chest at the second costo-chondral junction. 
The ratio of pulmonary artery to systemic blood flow 
is given instead of absolute flow rate because the oxy- 
gen consumption measurement needed for calculation 
of the latter was not available in every instance. The 
net shunt was from left to right in each case. At the 
time of catheterization peripheral arterial oxygen 
saturation was 80 per cent in Case 18, 91 per cent in 
Case 4, and 94 per cent or more in all other cases. 


RESULTS AND DISCUSSION 


Persistent Ostium Primum versus Persistent Ostium 
Secundum. Cases 1, 2 and 3 form a homogeneous 
group pathologically, and can be distinguished 
from the other cases electrocardiographically. All 
three patients had a persistent ostium primum, 
a cleft in the aortic leaflet of the mitral valve and 
hypertrophy of both left and right ventricles. 
Each one showed left axis deviation and signs of 
combined left and right ventricular hypertrophy 
in the electrocardiogram. The record shown in 
Figure 3 is typical. 
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Fic. 1. Case 6. This patient, a fifty-two year old woman, was the oldest in the present 
series. Vectorcardiograms were recorded from a bipolar, cubical lead system, with 
an electrode common to the x, y and z axes on the right upper back.'? Timing of the 
vectorcardiogram loops is provided by interruption of the tracing at intervals of 2.5 
milliseconds. The transverse view is oriented as if the patient’s back were toward the 
top of the page. Electrocardiogram and vectorcardiogram interpretation: atrial 
fibrillation, complete right bundle branch block (QRS duration 0.14 second). The 
early, non-delayed portion of the QRS complex shows left axis deviation. The later 
portions of the QRS complex are oriented toward the right anterior chest and there 
is marked slowing of the trace at the most anterior part of this late “appendage.”’ 
The speed of the cathode ray spot during the QRS complex is a function of the rate 
of change of direction and magnitude of the net vector sum of electrical forces pro- 
duced by ventricular depolarization. It is therefore not necessarily related to the speed 
with which the depolarization wave travels through any particular area of the myo- 
cardium, but slowing of this kind is usually found in cases which show the ECG pattern 
defined as complete bundle branch block. We cannot agree with Grishman'® that this 
kind of figure 8 contour of the transverse QRS loop is diagnostic of right ventricular 
hypertrophy, regardless of QRS duration, since in our experience this same configura- 
tion, with a QRS duration greater than 0.12 second, is often found in cases of chronic 
coronary disease and myocardial infarction. In such cases the amplitude of R’-V1 in 
the electrocardiogram may be just as great as in cases of right ventricular hypertrophy. 
Autopsy findings: atrial septal defect (persistent ostium primum); normal mitral and 
tricuspid valves; right atrial enlargement; right ventricular hypertrophy; coronary 
arteries showed atherosclerosis with extreme narrowing of the left anterior descending 
artery and small areas of fibrosis scattered through the left ventricular myocardium. 
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Fic. 2. Case 18. This patient was a thirty-four year old woman. Arrows indicate time of peak of R wave in lead 1. 
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Electrocardiogram interpretation: PR interval at upper limit of normal; RSR‘-V1 pattern with QRS duration of 0.09 
second; right axis deviation; right ventricular hypertrophy. Operative findings: atrial septal defect (persistent ostium 
secundum) ; normal mitral and tricuspid valves; enlarged right atrium and right ventricle. Similar electrocardiographic 
findings, with QRS duration less than 0.12 second, were present in nine of the twenty cases in this series with atrial 
septal defects and no abnormality of mitral or tricuspid valves. 


In the remaining twenty-one cases, in which 
there was right ventricular but no left ventricu- 
lar enlargement anatomically, the electrocardio- 
gram showed right axis deviation and right 
ventricular hypertrophy in eighteen cases, nor- 
mal axis and right ventricular hypertrophy in 
one case, complete right bundle branch block 
with left axis deviation in one case and complete 
right bundle branch block with right axis devi- 
ation in one case. 

These findings suggest that left axis deviation 
and signs of left ventricular hypertrophy in a 
patient with an atrial septal defect usually 
indicate a persistent ostium primum with cleft 
mitral valve and mitral insufficiency. The 
mitral valve may sometimes be competent even 
though a recognizable cleft persists in the aortic 
leaflet, as illustrated by Case 4 in which there 
was no evidence of left ventricular hypertrophy 
at autopsy. The electrocardiogram in this case 
(Fig. 4) showed no sign of left ventricular 
hypertrophy. A persistent atrioventricular cleft 
sometimes extends into one leaflet of the tri- 
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cuspid valve as well, as in Case 1, but this ap- 
parently does not modify the electrocardiogram. 

It is significant that in these three cases of per- 
sistent ostium primum with accompanying 
anomalies of the A-V valves, the patients had 
severe symptoms before the age of ten years. 
Rogers and Edwards'* have pointed out that 
early death is common with such a combination 
of lesions. 

The association between left axis deviation 
and persistent ostium primum, in contrast to the 
usual right axis deviation in other atrial septal 
defects, has been commented on in clinical 
practice by Dr. Helen Taussig in the Harriet 
Lane Home Cardiac Clinic of the Johns Hopkins 
Hospital since 1953, and attention was called to 
the diagnostic importance of this finding by 
Dr. S. G. Blount in his discussion of a paper at 
the Second World Congress of Cardiology in 
September 1954. Our data confirm these ob- 
servations, and show that the electrocardio- 
graphic signs of left ventricular hypertrophy are 
not due to the atrial defect itself, but to mitral 
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Fic. 3. Case 2. This patient was a five-year old boy. Arrows indicate the time of 
the peak of the R wave in lead 1 and synchronous points in other leads. Standard- 
ization in all leads is the same as that shown in lead V4. Paper speed 25 mm. (25 
small squares) per second. Electrocardiogram interpretation: prolonged PR 
interval; left axis deviation; RSR’-V1 pattern; combined right and left ven- 
tricular enlargement. Autopsy findings: atrial septal defect (persistent ostium 
primum); cleft aortic leaflet of the mitral valve; normal tricuspid valve; right and 
left ventricular hypertrophy; dilated right atrium. The left ventricular hyper- 
trophy was presumably due to insufficiency of the anomalous mitral valve. 


insuficiency. When the mitral valve is compe- 
tent, there is at present no reliable way of differ- 
entiating between persistent ostium primum and 
persistent ostium secundum. 

Although patients with a persistent ostium 
primum and a competent mitral valve usually 
show right axis deviation in the electrocardio- 
gram (Cases 4 and 5), exceptions to this rule may 
occur, as illustrated by Case 6. (Fig. 1.) The 
QRS complex in this instance was greatly pro- 
longed in duration (0.14’’) and showed the elec- 
trocardiographic pattern of complete right 
bundle branch block. The vectorcardiogram 
showed the late, slow, terminal “‘appendage”’ 
to the QRS complex usually seen with this 
electrocardiographic pattern, and left axis devia- 
tion of the early QRS complex. At autopsy there 
was considerable coronary atherosclerosis, with 


extreme narrowing of the left anterior descend- 
ing artery, and small areas of fibrosis scattered 
diffusely through the left ventricular muscle. 
The left ventricle was slightly dilated but not 
hypertrophied. In this case, therefore, the 
left axis deviation and bundle branch block may 
be related to chronic coronary insufficiency. 

The RSR'-V1 Pattern: Incidence. In fifteen 
cases there was an RSR’ pattern in lead V1, in- 
cluding three patients with a final S’. The QRS 
duration was 0.09 second or less in five cases, 
greater than 0.09 second but less than 0.12 
second in eight cases, and 0.12 second or more in 
two Cases. 

Several authors have commented on the high 
incidence of “‘right bundle branch block” with 
atrial septal defects.'*'® The present study 
confirms the observation that an RSR’-V1 
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Fic. 4. Case 4. This patient was a 
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x year old woman. Standardization in all 


leads is the same as that shown in lead 3. Paper speed 25 mm. per second. Electro- 
cardiogram interpretation: prolonged PR interval; right axis deviation; right ven- 
tricular hypertrophy. Autopsy findings: atrial septal defect (persistent ostium primum); 
normal mitral and tricuspid valves; right atrial dilatation; right ventricular hypertrophy. 


pattern occurs frequently with this disease (63 
per cent of our twenty-four cases) but it should 
be noted that “complete right bundle branch 
block,” with QRS duration prolonged beyond 
normal limits, appeared in only two of our pa- 
tients, aged twenty-cight and fifty-two vears. 
Whether or not the RSR’-V1 pattern with QRS 
duration /ess than 0.12 second is necessarily 
associated with conduction delay in the branches 
of the bundle of His is a debatable question, to be 
discussed in more detail subsequently. 

Since nine patients (37 per cent) in our series 
did not show the RSR’-V1 pattern, we cannot 
agree with Barber, Magidson and Wood that 
* . . . the diagnosis of A. S. D. is almost un- 
tenable in the absence of partial or complete 
R.B.B.B."' 

The RSR’-V1 Pattern: Significance. seems 
possible that the RSR’-V1 pattern sometimes 
represents an intermediate stage in the develop- 
ment of electrocardiographic signs of right 
ventricular hypertrophy, and that it is not neces- 
sarily associated with localized conduction 
delay. Its frequent association with right ven- 
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tricular enlargement in a variety of diseases, 
sometimes with entirely normal QRS duration, 
supports this hypothesis. We have found the 
RSR’-V1 pattern, with QRS duration less than 
0.12 second, in 5 per cent of one hundred fifty 
patients with rheumatic mitral stenosis, 24 per 
cent of twenty-five patients with isolated pul- 
monic stenosis, and 19 per cent of twenty-seven 
patients with chronic cor pulmonale. In these 
same groups the incidence of the RSR’-V1 pat- 
tern with QRS duration of 0.12 second or more 
was: mitral stenosis, 1 per cent; pulmonic 
stenosis, 12 per cent; cor pulmonale, 4 per cent. 

Further support for this concept is given by 
occasional cases of pulmonic stenosis in which the 
V1 contour changes from a tall R to an RSR’ 
after the stenosis has been relieved surgically. 
Blount, McCord, Mueller and Swan have 
described three such cases‘ and we have ob- 
served two others. 

Most publications concerned with the electro- 
cardiographic diagnosis of right ventricular 
hypertrophy fail to give criteria which apply 
when an RSR’-V1 is present. Usually, this 
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pattern is attributed to delayed conduction 
and termed “incomplete right bundle branch 
block’’?'* when the QRS duration is from 0.10 
second to 0.12 second. 

From an unpublished investigation of this sub- 
ject we have tentatively concluded that right 
ventricular hypertrophy is usually present when: 
(a) the tallest R wave in lead V1 is 0.5 millivolts 
or more in amplitude; (b) the ratio of the maxi- 
mum amplitudes of the tallest R and deepest S 
in lead V1 is greater than 1.0; and (c) the QRS 
duration is less than 0.12 second. These criteria 
apply to QR, R, RS, RSR’, RSR’S’ or other 
QRS contours in lead V1. Although we have 
not studied normal patients under the age of ten 
years, the normal standards of Ziegler’* indicate 
that the criteria indicated probably apply to 
children over six years of age as well as to 
adults. They are naturally not applicable in the 
presence of dextrocardia. 

These conclusions are derived from a study of 
fifty-eight consecutive patients examined in the 
Heart Station of the Johns Hopkins Hospital, in 
whom the electrocardiogram satisfied the three 
requirements given, and sufficient information 
(excluding the electrocardiogram) was available 
to establish a clinical diagnosis. Fifty-one (88 
per cent) of these patients showed definite clini- 
cal evidence of right ventricular enlargement 
due to cardiac or pulmonary disease; seven 
(12 per cent) had evidence of coronary artery 
disease and no right ventricular enlargement. 
No patients with normal hearts were found in 
this group. 

In a separate study of one hundred three nor- 
mal subjects aged ten to seventy years, four sub- 
jects were found with an.RSR’-V1, but the R’ 
amplitude was less than 0.2 millivolts and the 
R/S ratio was 0.3 or less. 

When the QRS duration was 0.12 second or 
greater these criteria for the electrocardiographic 
diagnosis of right ventricular hypertrophy were 
not valid. In forty cases which met criteria (a) 
and (b) but had QRS durations greater than 
0.12 second, thirty-three patients (83 per cent) 
had definite clinical evidence of coronary artery 
disease and no indication of right ventricular 
hypertrophy. 

These criteria have been found to be useful 
clinically but they cast no light on the possible 
relation between the RSR’-V1 pattern and 
delayed intraventricular conduction. If this 
pattern were due to right ventricular hyper- 
trophy alone, with no conduction disturbance, 
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then measurements of the QRS duration in a 
group of patients with an RSR’-V1_ pattern 
should show the same range and distribution 
as in normal subjects, but we have not found this 
to be true. Measurements of the QRS duration 
in a series of 103 normal subjects in this labora- 
tory gave an average of 0.086 second, with a 
standard deviation of +0.012 second. In a 
group of patients with electrocardiographic 
signs of right ventricular hypertrophy as defined 
herein (and therefore excluding patients with 
ORS duration of 0.12 second or more), we found 
QRS durations greater than 0.09 but less than 
0.12 second in 31 per cent of thirty-two patients 
who showed an R’ in V1, and in only 11 per cent 
of forty-four patients who did not show an R’ 
in V1. 

This increased incidence of QRS durations in 
the “high normal” range in patients with an 
RSR’-V1 and right ventricular hypertrophy 
suggests that conduction delay must play a part 
in the pathogenesis of the RSR’-V1 pattern in at 
least some instances, but in the absence of direct 
evidence there seems no justification for assigning 
the site of the conduction delay to the “bundle 
branches.” The question is further complicated 
by the fact that even a normal QRS duration 
does not guarantee. the absence of conduction 


_ disturbance, as shown by two cases reported by 


Braunwald, Fishman and Cournand® in which 
definite delay in right ventricular contraction 
was demonstrated, although the QRS duration 
was 0.08 second. 

Records of the first appearance and progres- 
sive development of the RSR’ and right ven- 
tricular hypertrophy patterns, with serial electro- 
cardiograms beginning in infancy, might be 
expected to shed some light on this problem. Our 


limited observations on this point suggest that 


with atrial septal defects the electrocardio-' 
graphic abnormalities are often well developed 
at an early age. Electrocardiograms taken at. 
seven years of age or younger were available in 
six of our cases of persistent ostium secundum, 
and all showed a prominent RSR’-V1. In Case 
8, for example, records taken at three years of 
age showed the same degree of right axis devia- 
tion and increased R’-V1 amplitude as were 
found at age seven. In Case 3 marked left axis 
deviation and an RSR’-V1 were already present 
at the age of twenty-two months. The intra- 
cardiac shunt and other functional consequences 
of the septal and valvular defects are also promi- 
nent at an early age, however, and it is impossi- 
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ble from such observations to determine whether 
the RSR’-V1 in these cases is itself a congenital 
anomaly or whether it is secondary to the strain 
imposed on the right ventricle. 

Correlation between Electrocardiograms and Pres- 
sure-flow Measurements. Although the right 
ventricular hypertrophy which was present in 
these cases produced diagnostic electrocardio- 
graphic changes in twenty-two cases, these 
changes gave no quantitative information about 
the volume of the shunt or the degree of pul- 
monary hypertension. No useful correlation was 
found between the pulmonic to systemic flow 
ratio, the size of the defect, or the mean pul- 
monary artery pressure, and the mean QRS axis, 
' V1 pattern, or height of R or R’ in V1. It is of 
interest, however, that the extremely tall R-V1 
(2.0 millivolts or more) often seen with pul- 
monic stenosis was not observed in any of these 
cases of atrial septal defect. 

First Degree A-V block. Prolonged PR intervals 
were present in six of our cases, confirming 
other observations’ on the frequency of this 
disturbance with atrial septal defects. The 
incidence was particularly high in the cases of 
persistent ostium primum. 

Arrhythmias. Wandering supraventricular 
pacemaker was present in two of the younger 
patients in this series; atrial fibrillation was 
found in three of the older patients. The remain- 
ing nineteen patients had a normal pacemaker, 
and abnormally high P waves occurred in six of 
these cases. Persistent sinus tachycardia was pres- 
ent in twelve cases. 

Postoperative Changes. Surgical repair of the 
atrial defect was attempted in twenty-three 
cases. During the first postoperative week A-V 
nodal rhythm occurred in four patients, paroxys- 
mal supraventricular tachycardia in one and 
rapid nodal tachycardia with varying degrees of 
A-V_ block in another. Complete heart block 
appeared in one patient after operation and per- 
sisted for three days. 

Electrocardiograms have now been recorded 
six months or more after operation on nine pa- 
tients. In seven cases right axis deviation has 
diminished or disappeared, with changes in 
mean QRS axis ranging from 15° to 70°. In 
one case which showed no change in axis, cardiac 
catheterization after operation revealed that the 
defect had not been completely closed. Electro- 
cardiographic signs of right ventricular hyper- 
trophy were still present in all nine cases from six 
months to two years after operation but in five 
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cases the R’-V1 amplitude had decreased. In 
one patient (Case 11) left axis deviation and 
radiographic signs of left ventricular enlarge- 
ment developed after operation, possibly due to 
mitral valve damage produced by one of the 
surgical sutures. 

Differential Diagnosis of Atrial Septal Defects. It 
is not to be expected that the electrocardiogram 
will show pathognomonic features with atrial 
septal defects, or indeed in any disease, since the 
myocardial changes which are reflected in the 
electrocardiogram may be produced by a num- 
ber of different structural abnormalities. Never- 
theless there are some electrocardiographic 
findings which give at least a clue to the differ- 
entiation of atrial septal defects from other 
clinically similar lesions. For example, the com- 
bination of an apical diastolic murmur, systolic 
murmur in the pulmonic area, loud pulmonic 
second sound and enlarged pulmonary conus 
shadow may occur with severe mitral stenosis 
but if the electrocardiogram shows an RSR’-V1 
and prolonged PR interval, an atrial septal de- 
fect is much more probable. 

The signs of combined right and left ventricu- 
lar hypertrophy in the electrocardiogram, which 
occur in cases of persistent ostium primum with 
mitral insufficiency, are comparatively rare with 
any other congenital lesion. They are some- 
times found in ventricular septal defects but 
in such cases left axis deviation is usually 
absent. 

It is essential, of course, not to overrate the 
importance of the electrocardiogram and to con- 
sider it in conjunction with all other diagnostic 
information available. The RSR’-V1 pattern, for 
example, is more common with atrial septal 
defect than with any other lesion but it also oc- 
curs often with pulmonic stenosis, chronic cor 
pulmonale, tetralogy of Fallot and other lesions 
with right ventricular enlargement, and some- 
times with arteriosclerotic heart disease alone. 
Atrial fibrillation, to take another example, im- 
mediately brings to mind the possibility of 
mitral stenosis but it is also entirely compatible 
with atrial septal defect, especially in adults. 

Anomalous pulmonary venous return, and 
Lutembacher’s syndrome, give no characteristic 
electrocardiographic signs that we can discover. 
The electrocardiographic abnormalities found 
with these lesions do not differ from those in 
uncomplicated atrial septal defect. Cardiac 
catheterization may also fail to differentiate these 
anomalies, and surgical exploration is in many 


232 Electrocardiogram in Atrial Septal Defect— AMli/nor, Bertrand 


cases the only way to make this differential 
diagnosis. 
SUMMARY’ 

1. In twenty-four patients with uncom- 
plicated atrial septal defects, we have examined 
the electrocardiographic findings and their rela- 
tion to the location and size of the defect, the 
degree of pulmonary hypertension and the ratio 
of pulmonic to systemic, blood flow. The 
anatomic diagnosis was confirmed at autopsy in 
seven cases and at operation in seventeen Cases. 
The septal defect was defined as persistent ostium 
primum in six cases and persistent ostium 
secundum in eighteen cases. 

2. Electrocardiographic evidence of right 
ventricular hypertrophy was present in twenty- 
two cases. Right axis deviation appeared in 
eighteen cases. 

3. Three patients had a persistent ostium 
primum, a cleft mitral leaflet and left as well as 
right ventricular hypertrophy, presumably due 
to mitral insufhciency. The electrocardiograms 
in these cases showed left axis deviation, 
with signs of both left and right ventricular 
hypertrophy. 

4. One patient, aged fifty-two years, with a 
persistent ostium primum, normal mitral valve 
and autopsy evidence of coronary insufficiency 
due to atherosclerosis, showed left axis deviation 
and complete right bundle branch block. 

5. An RSR’-V1 pattern was present in fifteen 
patients (63 per cent), two of whom had a QRS 
duration prolonged beyond 0.12 second. This 
confirms previous reports that this pattern occurs 
much more often with atrial septal defects than 
with other clinically similar lesions. The rela- 
tively high incidence of this pattern with any 
lesion which leads to right ventricular hyper- 
trophy, however, and the lack of clear evidence 
as to its etiology suggest that it might be well to 
abandon the term “incomplete right bundle 
branch block’’ for the present. 

6. Prolongation of the PR interval was pres- 
ent in four of six patients with persistent ostium 
primum, and two of eighteen patients with per- 
sistent ostium secundum. 


CONCLUSIONS 


1. Electrocardiographic signs of combined 
right and left ventricular hypertrophy with left 
axis deviation, in a patient with an atrial septal 
defect, suggest that the defect is a persistent 
ostium primum, with a cleft and insufficient 
mitral valve. 


2. Cases of persistent ostium primum with 
no functional abnormality of the mitral valve 
cannot be distinguished electrocardiographically 
from cases of persistent ostium secundum. Both 
types produce electrocardiographic signs of right 
ventricular enlargement in almost all sympto- 
matic cases. The RSR’-V1 pattern, and a 
prolonged PR interval, are present in a high 
proportion of cases. 
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Incomplete Transposition of the Great Vessels 
with Biventricular Origin of the Pulmonary 
Artery (Taussig-Bing Complex)’ 


Report of Four Cases and Review of the Literature 


MUIcHELE A. CHIECHI, M.D. 


Jersey City, New Jersey 


HE laussig-Bing complex! has aroused sul- 

ficient interest in the last few years to war- 

rant’ an analysis of the reported cases and an 

assessment of this malformation among the trans- 
position complexes. 

‘The malformation consists of a transposed 
aorta, a large pulmonary artery which arises 
primarily from the right ventricle and partially 
overrides the ventricular septum, a high ventric- 
ular septal defect, and right ventricular hyper- 
trophy.”! The Taussig-Bing heart is considered 
one of the rarest congenital cardiac anomalies. 
In Abbott’s series of 1,000 cases of congenital 
heart disease there was no case of the Taussig- 
Bing type.” In the Centre de l Hépital Broussais’ 
series of 1,100 cases of congenital heart mal- 
formations*® there were only two cases, including 
the reported case of Metianu et al. In the recent 
book of Kjellberg and Coll* three cases of Taus- 
sig-Bing syndrome are listed in a series of 396 
cases studied by the Swedish investigators. In 
none of these cases, however, was the diagnosis 
verified by autopsy. 

Since the inception of the St. Michael’s Hospi- 
tal Department of Cardiac Surgery in 1950, the 
Taussig-Bing complex has been found in four 
cases in a series of seventy-two autopsies for 
congenital heart malformations. The over-all 
incidence of transposition of the great vessels 
was 25 per cent (eighteen cases including the four 
Taussig-Bing complexes). It would seem, there- 
fore, that the anomaly is not as rare as the afore- 
mentioned statistics would lead one to believe. 


CASE REPORTS 


Case 1. This three and one-half month old white 
male infant, born after normal, spontaneous delivery, 


was noted to have generalized cyanosis at birth. The 
cyanosis was persistent and was made worse by 
crying, during feedings, and when the child was out of 
the oxygen tent. The respirations were labored, 
slightly irregular at times and rapid, at an average 
rate of 60 per minute. The heart rate at the apex was 
regular and averaged 164 per minute. Five days after 
birth a short, grade m systolic murmur was heard at 
the third intercostal space. Ten days after birth the 
child was given digitalis because of superimposed 
congestive heart failure. The color improved some- 
what but the respirations remained labored and rapid 
up to the time of discharge at the age of four weeks. 
The child was maintained on digitalis. He did poorly 
at home and was brought back to the hospital three 
weeks later with the chief complaints of increased 
cyanosis and labored rapid breathing. On physical 
examination there was marked generalized cyanosis, 
more intense on the face and upper extremities than in 
the lower extremities. The heart rate was 120 and 
regular. There were no changes in the heart on 
physical examination. The respirations were regular, 
rapid, at a rate of 50 per minute, and labored with 
moderate inter- and subcostal retraction. Breath 
sounds were normal and no rales were detected. The 
liver edge was palpated one fingerbreadth below the 
costal margin. X-rays of the chest showed congestion 
and edema in both lung fields with secondary hilar 
enlargement. The heart silhouette was enlarged with 
suggestion of right ventricular dilatation. At fluoros- 
copy the radiologic findings were confirmed and the 
hilar vessels showed very active expansile pulsations. 
The electrocardiogram revealed sinus tachycardia, 
right axis deviation, a tall R wave in V;, and T wave 
changes due to digitalis effect. The hematocrit was 
57 per cent. The child was kept in an oxygen tent 
continuously. Digitalis was increased and mercurials 
were added in an endeavor to control the congestive 
failure. There was transitory improvement in the 
patient's color but the steady downhill course could not 
be checked in spite of all medications. ‘The patient died 


* From the Department of Cardiovascular Surgery, St. Michael’s Hospital, Newark, New Jersey. 
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in congestive failure of the high output type three 
weeks after admission. The autopsy (Autopsy No. 
2627) was limited to gross and histologic examination 
of the heart and lungs. The lungs showed marked 
congestion with pneumonic consolidation of the right 
upper lobe. The histologic examination of the heart 
showed only a moderate degree of congestion. 

The heart was enlarged in all its diameters. It 
weighed 39 gm. (normal weight at this age, 27 gm.).° 
The heart measurements are summarized in Table 1. 
The apex was rounded and directed to the left. The 
anterior interventricular furrow appeared displaced to 
the right in its lower portion. The posterior inter- 
ventricular sulcus ran down to the right of the poste- 
rior aspect of the heart. 

The two auricles stood in normal relation to the 
four chambers and were not enlarged. The two atria 
were also in normal relation to the two ventricles. The 
upper anterior portion of the right ventricle showed a 
round prominence from which the aorta arose. The 
origin of the vessel was closer to the right than to the 
left border of the heart. Above its origin it proceeded 
upward and to the right, then to the left, forming an 
arch with its concavity to the left. (Fig. 1.) Im- 
mediately behind and to the left of the aorta was the 
much larger pulmonary artery, whose right margin 
was concealed by the ascending portion of the aorta. 
The huge, thick-walled pulmonary artery coursed 
vertically upward from the base of the heart for a dis- 
tance of 2.3 cm., and then divided into the left and 
right pulmonary arteries which entered the left and 
right lung normally. (Fig. 2.) No winding about each 
other of the aorta and pulmonary artery occurred 
after their origin. The right side of the anterior surface 
of the ventricles was slightly prominent and was 
demarcated from the remainder by a shallow sulcus 
into which ran the anterior descending branch of the 
left coronary artery. 

The right atrium was normal in size with well 
defined “‘crista terminalis’ and “musculi pectinati”’ 
in the usual positions. The drainage of the venae 
cavae and coronary sinus was normal. There were 
normally formed valves at each opening. The foramen 
ovale was functionally closed but obliquely probe- 
patent on the interatrial wall with a semi-lunar valve 
coming from the posterosuperior aspect of it. 

The right atrioventricular ostium, 5 cm. in length, 
was guarded by a normal tricuspid valve with normal 
posterior, anterior and medial leaflets. The cavity of 
the right ventricle was only slightly enlarged. The 
walls of the chamber were greatly hypertrophied, with 
a thickness varying from 0.5 to 1.5 cm. The inflow 
portion was inconspicuous. The outflow tract was 
moderately enlarged, with a markedly thickened wall 
on its superior aspect. Behind what seemed to repre- 
sent the infundibulum of the right ventricle, an 
hypertrophied muscle band arched upward, laterally 
and slightly posteriorly from the upper third of the 
interventricular septum to the anterior wall of the 
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right ventricle. (Fig. 3.) The medial portion of this 
arched muscular band was placed well apart from the 
ventricular wall, leaving therefore an adequate open- 
ing for the blood flow to the vessel arising from the 
summit of the infundibulum. The uppermost portion 
of the arch defined the posterior part of the base of the 


TABLE 1 
HEART MEASUREMENTS IN CASES I AND I 


Measurement 
(cm.) 
Case1 Case u 
Apex to summit of right atrium...... 5.9 ee 
Apex to summit of left atrium.... .. 4.6 - fe 
Apex to atrioventricular groove 


Apex to atrioventricular groove 


Transverse diameter........... 6.2 
Anteroposterior diameter.......... 3.0 4.1 
Right atrioventricular orifice 

5.0 4.0 
Left atrioventricular orifice 

3.5 | 3.0 
Aorta (circumference). ............. | 3.7 
Pulmonary artery (circumference).... 4.0 | 3.1 


aorta. Its lateral portion appeared greatly hyper- 
trophied for a length of 1.5 cm. In this part the band 
measured 1.1 cm. in width and constituted, with the 
anterior ventricular wall into which it merged, the 
thickest part of the right ventricular walls. This heavy 
muscular ledge acted as a false septum, 0.9 cm. deep, 
which divided the outflow tract of the right ventricle 
into a small anterior chamber and a large posterior 
portion. The band corresponded in position to the 
crista supraventricularis which, by assuming a more 
lateral course, had averted a narrowing of the in- 
fundibulum. No stenosis was therefore present in the 
path leading to the vessel arising from the infundib- 
ulum. Behind the crista and between it and the medial 
leaflet of the tricuspid valve was a deep recess which, 
at its apex, led to a defect of the interventricular sep- 


- tum and to the orifice of the pulmonary artery striding 


the defect. (Fig. 4.) The floor of this recess was almost 
entirely made up of a heavy muscular ridge. This 
ridge extended from the anterolateral wall of the 
ventricle, in close relation to the anterior papillary 
muscle, to the interventricular septum just behind the 
origin of the crista supraventricularis. It corresponded 
in location and function to the “trabecula septo- 
marginalis” (moderator band) and gave insertion to 
chordae tendineae of the medial leaflet of the tricuspid 
valve. The aorta arose entirely from the chamber 


Fic. 1. Case 1. The aorta, arising from the right ventricle, 
is anteriorly placed; behind is the greatly enlarged pul- 
monary artery. Both vessels course vertically upward, 
parallel to each other. 


Fic. 2. Case 1. The aorta has been displaced anteriorly 
and inferiorly to show the huge pulmonary artery. 


Fic. 3. Case 1. The aorta and the infundibulum of the 
right ventricle are opened. The white rod, advanced 
through the ventricular defect into the pulmonary artery, 
exteriorizes the crista supraventricularis (arrow), bring- 
ing it into view. The defect, located behind the crista, 
is hidden by the crista. 
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limited anteriorly by the right anterior ventricular 
wall and posteriorly by the crista supraventricularis. 
It measured 2.5 cm. in circumference and had three 
well formed semi-lunar cusps with three normal 
sinuses. The coronary-bearing cusps were the left 
anterior and the posterior. The non-coronary cusp 
was the right anterior (B. N. A. system). 

The left atrium was greatly dilated and displaced 
posteriorly. It drained four considerably enlarged 
pulmonary veins. Its walls were thicker than those of 
the right atrium. 

The left atrioventricular ostium was normal in 
appearance, measuring 3.5 cm. in circumference, and 
was guarded by a normal mitral valve. The two 
major leaflets, the corresponding chordae tendineae 
and papillary muscles presented no abnormalities. 
The cavity of the left ventricle was moderately en- 
larged, particularly in its outflow portion. The wall 
thickness ranged from 0.2 to 0.7 cm. | 

The interventricular septum was thicker in its lower 
portion but became thinner above to present a semi- 
circular defect in its upper section. The defect (Fig. 5), 
measuring 1.2 by 0.6 cm., replaced entirely the “‘pars 
membranacea septi” and permitted introduction of 
the tip of the index finger. The anterior, inferior and 
part of the posterior margins of the defect consisted of 
septal muscle. The attachment of the medial leaflet of 
the tricuspid valve constituted the remaining portion 
of the posterior margin. The superior margin, really 
located in the cavity of the right ventricle, was formed 
anteriorly by the right posterior semi-lunar cusp of the 
pulmonary artery and posteriorly by the annulus 
fibrosus of the pulmonary artery. By means of this 
defect the left ventricle communicated freely with the 
right ventricle. Above the defect and at the summit 
of the outflow tract of the left ventricle was the base of 
the pulmonary artery which measured 4 cm. in cir- 
cumference. It was a large, thick-walled vessel with 
three semi-lunar cusps, one anterior and two posterior. 
It straddled the interventricular communication. The 
left anterior margin of this vessel continued down to 
the anterior leaflet of the mitral valve. The right poste- 
rior margin was in relation with the medial leaflet 
of the tricuspid valve. By producing closure and bulg- 
ing of the semi-lunar cusps, the degree of overriding 
of the pulmonary artery was anatomically estimated to 
be one-third of its base. 

The aorta gave off the right subclavian artery at a 
distance of 2.3 cm. from its origin and from the 
posterior aspect of the arch. At approximately the 
same level was seen a common carotid trunk arising 
from the anterior aspect of the arch. The origin of the 
left subclavian artery occurred at the end of the arch 
proximal to a closed ductus arteriosus. Distal to the 
ductus was an area of coarctation which reduced the 
aortic lumen to one-fourth of its original size. The 
coarctation consisted of a smooth crescentic dia- 
phragm with an eccentric opening, placed on the 
posteromedial wall of the aorta. 
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Fic. 4. Case 1. Two white rods emerge from the pul- 
monary trunk. One is passed from the right ventricle 
through the interventricular communication; the other 
runs over the outflow tract of the left ventricle. The 
slender marker runs through the infundibulum of the 
right ventricle into the aorta. 


The left coronary artery originated from a very 
large orifice in the left anterior aortic sinus. It im- 
mediately divided into the left circumflex and anterior 
descending branches. The further course and distribu- 
tion of the vessel exhibited the usual essential char- 
acteristics of the left coronary artery. The right 
coronary artery arose in the posterior aortic sinus very 
close to the junction of the posterior with the right 
anterior cusp. The vessel emerged between the 
aorta and the right atrium and formed the right 
circumflex artery with its terminal portion as the 
posterior descending artery. The distribution of this 
vessel was typical of the right coronary artery. (Fig. 
6.) We are dealing with a complete transposition 
of the blood supply of the heart caused by an ex- 
change in position of the sinuses of Valsalva. By virtue 
of a high degree of counterclockwise rotation, the right 
sinus of Valsalva is rotated to the left and the left 
sinus posteriorly and slightly to the right. All the 
branches of the right coronary artery arise from the 
original left coronary orifice. 

The anatomopathologic diagnosis was: marked 
cardiac hypertrophy, functionally closed foramen 
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Fic. 5. Case 1. The large interventricular septal defect, 
straddled by the pulmonary root, is viewed from the left 
ventricle. The posterior aspect of the crista supraven- 
tricularis in the right ventricular cavity can be seen below 
the pulmonary valve. 


ovale, large interventricular septal defect, incomplete 
transposition of the great vessels, large and overrid- 
ing pulmonary artery (Taussig-Bing heart), rota- 
tion of coronary arteries orifices, complete trans- 
position of the coronary arteries and coarctation of 
the aorta. 


Case u. This ten week old white male infant had 
a normal delivery and at birth was allegedly not 
cyanotic. An evaluation of his cardiac status was made 
when the child was admitted to the hospital because 
of failure to gain weight. Physical examination dis- 
closed a poorly developed and undernourished, 
mildly cyanotic child, resting quietly with no venous 
distention. Positive clinical findings were limited to 
the lungs, heart and liver. There were moist respira- 
tory rales at.the left lung base. A systolic murmur 
heard best at the base of the heart and left sternal 
border was present. The liver was palpable one finger- 
breadth below the right costal margin. The heart rate 
was rapid, 180, but regular, and the femoral pulses 
were faintly palpable. On fluoroscopy the heart was 
enlarged in its transverse diameter with prominence 
of the anterior border in both obliques. Hilar vessels 
were very prominent. X-rays of the chest confirmed 
the fluoroscopic findings. The electrocardiogram 
showed sinus tachycardia, right axis deviation and 
right ventricular hypertrophy. The hospital course was 
one of relentless worsening of the cardiac status with 
increasing cyanosis and dyspnea. The respirations 
increased to 80 per minute. The liver was markedly 
enlarged and peripheral edema was present. Digitalis 
and mercurials were of no help and the patient died 
in pulmonary edema two weeks after admission. ‘The 
autopsy (Autopsy No. 1828) was limited to gross and 
histologic examination of the heart and lungs. The 
lungs showed edema and hemorrhagic congestion. 


4 F 
ye 
a 
seal 
* 
* 


238 


Microscopic examination of the heart disclosed no 
unusual findings. 

The heart was markedly enlarged in all its diameters 
and was almost triangular in appearance because an 
unusual prominence was present on the upper por- 
tion of the right heart margin. The organ weighed 
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Fic. 6. Coronary circulation in Case 1. Right coronary 
artery: (1) arteria adiposa dextra, (2) ramus ventriculi 
dextri anterior, (3) ramus margini acuti, (4) ramus ven- 
triculi dextri posterior, (5) ramus sulci longitudinalis 
posterioris, (6) ramus ventriculi sinistri posterior, (8) 
ramus atrialis dexter anterior. Left coronary artery: 
(10) arteria adiposa sinistra, (11) arteria septi ventric- 
ulorum, (12) ramus collateralis descendens anterior, 
(12’) ramus primus, (12’’) ramus secundus, (14) ramus 
margini obtusi, (15) ramus ventriculi sinistri posterior. 


42.5 gm. (normal weight at this age 23 gm.).° The 
heart measurements are summarized in Table 1. The 
region of the apex was uniformly rounded and there 
was no definite apex. The long axis of the heart was 
directed downward and to the left. The anterior 
interventricular groove appeared displaced to the left, 
while the posterior groove ran down in the middle of 
the posterior aspect of the heart. 

The heart appeared rotated to the right so that the 
right auricle was placed posteriorly and the left 
auricle more anteriorly. The auricles, however, stood 
in normal relation to the four chambers and were not 
enlarged. The two atria were also in normal relation 
to the two ventricles. The upper anterior aspect of the 
heart showed a round prominence from which the 
aorta arose. This prominence was placed at about 
the middle of the base of the heart. From its 
origin the aorta coursed vertically upward and to the 
left. The pulmonary artery was enlarged and situated 
posteriorly. It ran directly upward (Fig. 7) for a dis- 
tance of 1.7 cm. and then divided into two main 
branches, left and right, which entered the left and 
right lung normally. There was no evidence of twist- 
ing of the aorta and pulmonary artery about each other 
after their origin. 

The size of the right atrium was larger than nor- 
mal. ‘The fossa ovalis was well formed and the foramen 
ovale, 0.15 cm. in diameter, was patent. The wall of 
the atrium was 0.1 cm. thick and heavily trabeculated. 

The right atrioventricular orifice measured 4 cm. 
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in circumference and bore an anterior, a medial and a 
small posterior cusp. The cavity of the right ventricle 
was enlarged and its walls were greatly hypertrophied. 
The thickness of the walls varied from 0.3 to 1.3 cm. 
over the aforementioned prominence on the right 
heart margin. The sinus or inflow portion of the 
ventricle was not striking. The anterior papillary mus- 
cle was normal while the posterior was smaller than 
normal. The medial cusp was bound by chordae partly 
to the posterior papillary muscle and partly to the 
septum. The outflow tract was slightly enlarged with a 
moderately thickened wall. This part of the right 
ventricle gave rise to the aorta at its summit. A mod- 
erately heavy muscular ledge, 0.5 cm. deep, ran from 
the anterior wall of the ventricle in close relation to 
the anterior papillary muscle to the lower third of the 
interventricular septum. Almost in continuation of this 
ledge, a thick rounded ridge arched across the roof 
of the right ventricle from the interventricular septum. 
(Fig. 8.) It ran upward, backward and laterally be- 
hind the aortic orifice and in front of the anterior 
leaflet of the tricuspid valve to reach and merge into 
the anterolateral wall of the ventricle, at a consider- 
able distance from the anterior papillary muscle. The 
first muscular ledge corresponded in position to the 
trabecula septomarginalis and the latter to the crista 
supraventricularis. Together, these two ridges cir- 
cumscribed an irregularly rounded wide aperture 
between the larger posterior (inflow tract) and the 
smaller anterior portion (outflow tract) of the right 
ventricle. Behind the crista and between it and the 
medial tricuspid leaflet was a large recess whose 
summit led to a defect of the interventricular septum 
and to the origin of the pulmonary artery, which 
straddled the defect. The defect was oval in shape and 
measured 0.9 by 0.5 cm. On the right it appeared 
to be limited anteriorly by the posterior margin of the 
arched portion of the crista, superiorly by the anterior 
and right posterior cusps of the pulmonary artery, 
posteriorly by the insertion of a portion of the medial 
tricuspid leaflet and inferiorly by the superior margin 
of the ventricular septum. 

The aorta arose from the summit of the infundi- 
bulum, the walls of which were formed anteriorly by 
the anterior wall of the right ventricle and posteriorly 
by the crista. The direction of the crista in its arched 
portion was such that no stenosis resulted at the level 
of the infundibulum. The crista acted like a pseudo- 
septum between the aortic and pulmonary openings. 
The aorta measured 1.7 cm. in circumference and was 
guarded by three normally formed semi-lunar cusps 
with three normal sinuses. The coronary cusps were 
represented by the posterior and left anterior (B. N. A. 
system). 

The left atrium was dilated and received the venous 
drainage of the lungs. Its walls were as thick as those 
of the right atrium. 

The left atrioventricular orifice appeared normal, 
measured 3 cm. in circumference and bore a normal 
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mitral valve. The left ventricular chamber appeared 
enlarged particularly in its outflow portion. The thick- 
ness of the wall varied from 0.3 to 0.6 cm. The septal 
defect was situated in the superior portion of the 
septum. Viewed from the left, the defect was limited 
inferiorly and anteriorly by the muscular edge of the 
septum, posteriorly by the attachment of a portion of 
the medial tricuspid leaflet and superiorly by the 
undersurface of the anterior and right posterior 
pulmonary cusps. The superior margin was not a 
margin in a true sense, because of the overriding of the 
pulmonary trunk; the anterior and right posterior pul- 
monary cusps were partially displaced into the right 
ventricular cavity. At the summit of the outflow section 
of the left ventricle and sitting well astride of the 
interventricular septal leaflet was the orifice of the 
pulmonary artery. (Fig. 9.) It was a large, thick- 
walled vessel, measuring 3.1 cm. in circumference and 
guarded by three normally formed semi-lunar cusps, 
one anterior and two posterior. The left anterior por- 
tion of the pulmonary base extended down to the 
anterior mitral leaflet. The degree of overriding 
of the pulmonary artery was anatomically estimated 
to be about 35 per cent of the orifice. 

The aorta gave off its first branch at a distance of 
2 cm. from its origin. The left carotid and subclavian 
arteries were given off in succession, considerably 
reducing the lumen of the aorta. The length of the 
hypoplastic aorta was about 1 cm. The ductus 
arteriosus opened distally to this segment. Its lumen 
was probe-patent. 

The orifice of the left coronary artery was of normal 
size and located anteriorly in the left aortic sinus. The 
vessel immediately trifurcated into left circum- 
flex, accessory descending and anterior descending 
branches. The right coronary artery originated from a 
large orifice rather anteriorly placed in the posterior 
aortic sinus. The artery, coursing between the aorta 
and the right atrium, continued in the right atrio- 
ventricular groove. It gave off the usual branches to 
the right ventricle, and terminated in an important 
branch to the posterior aspect of the heart. (Fig. 10.) 

The anatomopathologic diagnosis was: marked 
cardiac hypertrophy, minute foramen ovale, large 
interventricular septal defect, incomplete transposi- 
tion of great vessels, large and overriding pulmonary 
artery (Taussig-Bing complex), rotation of coronary 


artery orifices, complete transposition of coronary’ 


arteries, hypoplasia of the aorta and patent ductus 
arteriosus. 


Case m1. This two month old white male infant 
was referred to the hospital because of continuous 
rapid respirations and cyanosis. The child had a nor- 
mal, spontaneous delivery, and was noted to have a 
“dusky color’ associated with gasping cough four 
days after birth. At the age of six weeks rapid, labored 
breathing and vomiting spells developed in the pa- 
tient, which resulted in his admission, 
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Fic. 7. Case u. The heart and both lungs are viewed from 
above. The aorta arises anteriorly and the pulmonary 
artery, greatly enlarged, is immediately behind it. No 
winding of the two vessels about each other occurs. 


Fic. 8. Case m. The aorta and infundibulum of the right 
ventricle are opened. The white rod runs into the pul- 
monary artery through the ventricular defect. The 
crista supraventricularis, smaller than that in Case 1, is 
clearly in view. 


Fic. 9. Case n. The pulmonary artery overriding a large 
interventricular communication is viewed from the left 
ventricle. 
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On physical examination the child was cyanotic 
and in marked respiratory distress. Respirations were 
80 per minute. The heart rate was rapid, 180, but 
regular, and the femoral pulse was faintly palpable. 
Systolic blood pressure was 110 in the upper and 76 in 
the lower extremities, indicating coarctation of the 


Fic. 10. Case u. Coronary circulation in Case n. Right 
coronary artery: (1) arteria adiposa dextra, (2) ramus 
ventriculi dextri anterior, (4) ramus ventriculi dextri 
posterior, (5) ramus sulci longitudinalis posterioris, 
(8) ramus atrialis dexter anterior. Left coronary artery: 
(12) ramus collateralis descendens anterior, (12') ramus 
primus, (12’’) ramus secundus, (14) ramus margini 
obtusi, (15) ramus ventriculi sinistri posterior. 


aorta. There was a systolic murmur over the precor- 
dium, best heard at the second and third intercostal 
spaces to the left of the sternum. The pulmonary 
second sound was equal in intensity to the aortic 
second sound. The lungs were clear and the liver 
was palpated three fingerbreadths below the costal 
margin. There was cyanosis of the nail beds but no 
clubbing. On fluoroscopy the heart was enlarged par- 
ticularly on the right where the right atrium appeared 
greatly dilated. The aorta was dextroposed and the 
vascular markings were markedly accentuated. 
X-rays of the chest confirmed the findings at fluoros- 
copy. The electrocardiogram indicated sinus tachy- 
cardia, right axis deviation and right ventricular 
strain. Red blood cells were 4.8 million per cu. mm., 
hemoglobin 14 gm. per cent and the hematocrit 48 per 
cent. 

The patient was kept in an oxygen tent constantly 
and given digitalis and mercurials, with no improve- 
ment. There was progressive deterioration. The heart 
rate and respirations remained rapid and the cyanosis 
deepened. Severe pneumonia on the right side pre- 
ceded death, which followed an episode of pulmonary 
edema, one month after admission. 

At autopsy (Autopsy No. 2349) findings were: mas- 
sive pneumonic consolidation and multiple hemor- 
rhages of the lungs, visceral congestion and hydrocele. 
The heart was described as markedly enlarged, dis- 
placing both lungs. It weighed 45 gm. (normal weight 
at this age 23 gm.).° The two auricles were slightly 
dilated. The right and left atrium normally drained 


the systemic and pulmonary veins, respectively, and 
were in normal relationship to both ventricles. The 
foramen ovale was sealed. The tricuspid and mitral 
valves were normal and competent. Both ventricles 
were markedly dilated and hypertrophied. The aorta 
arose from the right ventricle. The pulmonary artery 
originated mainly from the left ventricle and in part 


from the right ventricle. Its base straddled a large high 


interventricular septal defect. The coronary arteries 
arose from the posterior sinuses of Valsalva. The duc- 
tus arteriosus was closed and there was coarctation of 
the aorta. 


Casetv. This twenty-one month old Negro female 
child was admitted because of increasing dyspnea 
and cyanosis, dry cough, syncope, anorexia, vomiting 
and failure to gain weight. The patient was delivered 
with the aid of forceps and was cyanotic at birth. The 
child was seen for the first time in our clinic at the age 
of three weeks. At that time, very rapid breathing, and 
cyanosis of fingernails and toenails were noted. On 
examination of the heart a systolic murmur was heard 
over the precordium, most intense at the fourth inter- 
costal space to the left of the sternum. Red blood cells 
were 5.1 million per cu. mm. and hemoglobin 14.5 gm. 
per cent. No noticeable changes were observed at a 
later check-up when the patient was six months old. 
Upon admission to the hospital the child was found to 
be in congestive heart failure. The heart rate was 134, 
respirations were rapid and labored. The liver was 
palpable four fingerbreadths below the costal margin. 
Fluoroscopy revealed marked dilatation of all the 
chambers of the heart. Both lung fields appeared 
congested with prominent non-pulsating hilar vessels. 
X-rays of the chest confirmed the fluoroscopic findings. 
The electrocardiogram indicated right atrial and right 
ventricular hypertrophy. The blood picture was 
peculiar for a cyanotic child in that the red blood cell 
count was 4 million per cu. mm. with a hemoglobin 
of 7.5 gm. per cent. Peripheral blood smears showed 
severe achromia, poikilocytosis, anisocytosis, many 
target cells and occasional macrocytes. The findings 
were interpreted as those of an iron-deficiency anemia. 
The child was placed in an oxygen tent and was given 
digitalis, mercurials and low salt diet, small trans- 
fusions and iron preparations. The blood picture 
improved markedly (red blood cells 5.9 million per cu. 
mm., hemoglobin 14.5 gm. per cent). The cardiac 
failure persisted in spite of all medications and the 
child died in pulmonary edema ten weeks after 
admission. 

At autopsy (Autopsy No. 2227) the pertinent find- 
ings were: congestion, edema and patchy hemor- 
rhages of both lungs, severe visceral congestion with 
multiple small hemorrhages. The heart was markedly 
enlarged and oval shaped. The pericardial sac con- 
tained a considerable amount of straw-colored fluid. 
Both atria were markedly dilated and were in norma! 
relationship to the ventricle. The foramen ovale was 
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completely sealed. The right ventricle was greatly 
hypertrophied but the lumen did not appear to be 
dilated. The tricuspid and mitral valves were normal 
in appearance and without vegetations. The aorta 
arose from the right ventricle and was slightly smaller 
in caliber than normal. There was a high, large inter- 
ventricular septal defect. A markedly dilated pul- 
monary artery originated from the right and left 
ventricle, and its base straddled the ventricular com- 
munication. The left ventricle was greatly dilated with 
no apparent hypertrophy of the wall. There was a 
single coronary artery orifice situated in the posterior 
sinus of the aorta. The vessel divided into right and 
left branches. There was a patent ductus arteriosus of 
considerable size. 


REVIEW OF THE LITERATURE 


The reported cases of the Taussig-Bing com- 
plex are few. (Table u.) The number of cases 
with documented evidence of the fundamental 
criteria for the pathologic diagnosis of this 
anomaly is even smaller. 

Pernkopf in 1933, in collaboration with Wirt- 
inger,® proposed a theory of the cause of trans- 
position. In an earlier report’ he anticipated this 
type of malformation, on embryologic grounds, 
tabulating it among the partial transpositions. 

Brown*” states that in cases of transposition 
with interventricular septal defect “the pul- 
monary artery situated posteriorly, may override 
the defect and thus arise from both ventricles.” 
In writing about the radiologic findings in 
transposition of great vessels, he further discusses 
overriding of the pulmonary artery. 

In 1949 Taussig and Bing' reported their well 
documented case and discussed the physiologic 
and clinical implications of the syndrome. 
Their patient, a five and one-half year old, 
poorly developed girl, cyanotic since birth and 
dyspneic at rest, was thought clinically to have 
an Eisenmenger complex. Physiologic study, 
however, indicated a transposition of the great 
vessels. After angiocardiographic examination 
the patient died suddenly and the autopsy re- 
vealed the peculiar type of transposition. 

The pathologic anatomy of the Taussig-Bing 
complex was carefully described a year later 
by Lev and Volk.*® The patient was one year old 
and was known to have congenital heart disease 
from birth. No other details were available. The 
child was brought to the hospital because of an 
upper respiratory infection and died a day later 
with the clinical picture of congestive heart 
failure. We shall have occasion to discuss later 
the anatomic findings of this case. 
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In the same year a group of Swedish investi- 
gators'' reported two cases of ““Transposition of 
the Aorta.”’ In the first case a diagnosis of trans- 
position of great vessels with pulmonary artery 
overriding an interventricular septal defect was 
made on the basis of physiologic studies. The 
low pressure in the pulmonary trunk, the absence 
of hilar pulsations and other physiologic con- 
siderations suggested an inadequate pulmonary 
circulation. Consequently a Blalock procedure 
was advised; the surgery could not be completed 
for anatomic reasons and the patient died a few 
days after operation. The autopsy revealed a 
Taussig-Bing heart and, in addition, a patent 
foramen ovale with no pulmonary stenosis. The 
low pulmonary artery pressure and the absence 
of hilar pulsations were thought to be due to a 
“functional pulmonic stenesis.”” In the second 
case conclusive evidence of the presence of 
a Taussig-Bing complex is not afforded by the 
findings given by the authors. This case will 
not be considered in this report. 

In 1951 Bayer’? gave an account of a patient 
who is the oldest living subject with Taussig- 
Bing syndrome reported to date. The observa- 
tion deals with a twenty-four year old, under- 
developed and physically disabled man, who was 
cyanotic from birth. The patient was always 
short of breath and two years before admission 
had an episode of hemoptysis. There was marked 
cyanosis and clubbing of fingers and toes. A 
systolic murmur was heard at the base of the 
heart. Radiographic examination showed an 
enlarged heart with a very prominent pulmonary 
conus. The hilar shadows were increased and 
hyperpulsatile. There was slight right axis 
deviation on the electrocardiogram. Catheteriza- 
tion of the heart revealed a higher oxygen satura- 
tion in the pulmonary artery than in the aorta. 
This finding, together with the history, prompted 
the diagnosis of Taussig-Bing anomaly. 

In 1952 Martin and Lewis" reported a case of 
Taussig-Bing syndrome in a nine year old pa- 
tient. The clinical diagnosis was established by 
the observations of a higher oxygen saturation of 
the pulmonary artery blood than of the aortic 
blood, and an angiocardiogram showing simul- 
taneous filling of the aorta and pulmonary 
artery from the right ventricle one and one-half 
seconds after injection of the dye. There was no 
autopsy to verify the diagnosis of Taussig-Bing 
anomaly in this case. 

Metianu et al.* in 1953 reported a Taussig- 
Bing syndrome in a six year old patient. The 
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clinical diagnosis was that of “vascular transposi- 
tion, probably Taussig-Bing syndrome.’ The 
patient had been cyanotic since birth and had 
moderate clubbing of fingers and toes. On 
catheterization the pulmonary artery was e¢n- 
tered from the right ventricle and a systolic 
pressure of 92 to 96 was recorded. The patient 
died of unexplained coma three days after the 
catheterization of the heart. At autopsy there 
was a lTaussig-Bing heart with hypoplasia of the 
aorta and a fetal type of circulation through a 
patent ductus arteriosus. One interesting feature 
of the anatomy of this patient was that the in- 
fundibulum of the right ventricle was slightly 
posterior to the pulmonary artery but anterior 
to the tricuspid valve. 

In 1954 Maxwell and Crumpton" reported 
two cases of the Taussig-Bing heart. The first 
subject, a four month old mongolian female, 
was noted to have a cyanotic right hand since 
birth. Following paroxysms of cough at two 
months of age, the cyanosis became more wide- 
spread and constant. At four months there was 
cyanosis over the brows, cheeks and lips at rest. 
Death occurred at six months following a severe 
respiratory infection. The autopsy established 
the diagnosis of Taussig-Bing complex. There 
was also a coarctation of the aorta with a fetal 
type of circulation through a patent ductus 
arteriosus. In the authors’ second case the diag- 
nosis of Taussig-Bing syndrome can be assumed 
only on observations which are far from critical 
in establishing the diagnosis of the anomaly 
under discussion. This case will not be con- 
sidered in this paper. 

Three cases of Taussig-Bing complex were 
reported by Kjellberg and Coll.‘ In one case the 
patient was a twenty month old boy with cy- 
anotic episodes since the age of one month. The 
diagnosis was established by means of angio- 
cardiography, which clearly showed a biven- 
tricular pulmonary artery. In this case the distal 
part of the aortic arch was hypoplastic and there 
was a patent ductus arteriosus distal to it. In the 
other two cases the clinical and laboratory find- 
ings were not sufficient to confirm a diagnosis of 
Taussig-Bing complex. These last two cases will 
not be considered in this report. 

Moragues and Lynxwiler'* reported three 
cases, two with pictures of the heart specimens. 
Of these two, one is a true Taussig-Bing heart 
while the other is a case of corrected transposi- 
tion of the aorta with the pulmonary trunk 
above the defect but not clearly overriding it. 
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The last case and the third, which is documented 
only by two radiograms, will not be discussed 
because no other details are given. 

The last published case of Taussig-Bing com- 
plex is that of Espino Vela'® which appeared in 
1955. This ten year old poorly developed girl 
had cyanosis and clubbing of fingers since the 
age of three years, associated with limited exer- 
cise tolerance. There was a rough systolic mur- 
mur and a loud pulmonary second sound. The 
electrocardiogram suggested combined ventricu- 
lar hypertrophy. A diagnosis of Taussig-Bing 
complex was made on the basis of x-ray and 
catheterization findings. There was marked 
prominence of the pulmonary artery region with 
hyperpulsatile hilar shadows at fluoroscopy. The 
catheterization findings were indicative of a 
transposition of great vessels, including a fall in 
oxygen saturation of the arterial blood after 
exercise. 

Comment. The anatomic description of the 
cases in which the diagnosis was verified at 
autopsy is generally inadequate. Anatomic eval- 
uation of the degree of overriding is usually 
difficult and the various authors make no effort 
to determine it. No account is given of the ana- 
tomic features of the right ventricular cavity 
which with other criteria, are essential for 
establishing the diagnosis in any type of trans- 
position.'’ No mention is made of the coronary 
ostia and of the distribution of the coronary 
arteries and a case is reported in which the 
authors state that the coronary circulation was 
normal. If we were to accept in this review only 
the cases acceptably meeting the criteria for the 
anatomic diagnosis of transposition, we would 
have to eliminate the majority of the reported 
cases of Taussig-Bing heart. 

Of the ten cases verified by autopsy, including 
our four, an abnormality of the aorta was found 
in five cases. In three cases there was a coarcta- 
tion of the aorta of the so-called “adult type” 
(two of our cases and the case of Maxwell and 
Crumpton). In our two patients the ductus 
arteriosus, located proximal to the coarctation, 
was sealed. In Maxwell and Crumpton’s patient 
the coarctation was located between the left 
carotid and the left subclavian artery, and was 
proximal to a patent ductus arteriosus that 
seemed to permit flow into the descending aorta. 
In the case of Metianu et al. and in another of 
our cases hypoplasia of the aorta distal to the left 
subclavian artery was present. The ductus 
arteriosus opened distally to the stenosis and it 
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was only probe-patent in our patient, while it 
was widely patent in Metianu’s patient with a 
fetal type of circulation. 

The high incidence of abnormalities of the 
aortic arch system found in the Taussig-Bing 
complex (50 per cent of the autopsied cases) is 
unexplained. 

The cases in which the diagnosis was estab- 
lished on clinical, physiologic and angio- 
cardiographic grounds seem questionable. At 
times, the diagnosis has been made only on 
assumptions (second case of van Buchem et al.) 
and often on the basis of angiocardiographic 
findings, which do not show conclusively the 
main feature of the Taussig-Bing syndrome, that 
is, the biventricular origin of the pulmonary 
artery. [he same objection can be made to the 
diagnostic conclusion drawn from catheteriza- 
tion studies. We do not agree with the opinion 
that the passage of a catheter from the right side 
of the heart into the aorta and the pulmonary 
trunk or finding the oxygen saturation of the 
blood in the pulmonary artery greater than that 
in the aorta or peripheral arteries are critical 
in establishing the presence of a Taussig-Bing 
complex.'® The position of the aorta and pul- 
monary artery can be easily established by 
fluoroscopy during cardiac catheterization if the 
catheter passes into both vessels. However, in 
addition to the fact that this can happen in any 
given case of transposition with an interventric- 
ular septal defect, the finding gives no clue as to 
the relation of the vessels to the ventricular 
septum. The latter relationship, the overriding 
of the pulmonary artery, is essential for the 
diagnosis of the Taussig-Bing anomaly. The 
presence of a much higher oxygen saturation in 
the pulmonary artery than in the aorta is like- 
wise not diagnostic since it is a feature common 
to cases of complete and functional transposi- 
tion. Furthermore, “the evaluation of shunts 
by means of gas analysis is uncertain in cases of 
transposition,’’'* because of the variation of the 
shunts from moment to moment. 

The diagnosis of Taussig-Bing complex is 
certainly enticing in the case of Bayer. The 
findings, however, are not different from those of 
a complete transposition with a large inter- 
ventricular communication. With due considera- 
tion given to the history, the x-ray picture with a 
very prominent pulmonary conus can be con- 
sidered almost typical of the anomaly, as we 
shall see later in the discussion. 

The case of Espino Vela is suggestive of a 
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Taussig-Bing syndrome but the absence of 
cyanosis in the first three years of life is strongly 
against it. Our experience and that of authors 
who have written on transposition of great 
vessels, of which the Taussig-Bing 
anomaly is one of the variants, show that cyano- 
sis from birth or shortly thereafter is an obliga- 
tory sign of the malformation and is the “logical 
outcome of the anatomical abnormality.’’* 

Angiocardiography can be diagnostic in cases 
in which the dye clearly outlines the septum and 
the overriding of the pulmonary artery. Simul- 
taneous visualization of the aorta and pulmonary 
artery is certainly not pathognomonic since this 
happens in cases of complete transposition with a 
large interventricular communication. Outlining 
of the ventricular septum with a clear display 
of the biventricular origin of the pulmonary 
artery is the essential requisite for making the 
diagnosis of incomplete transposition with over- 
riding pulmonary artery. Of the published 
angiograms this most important feature could 
be assessed with certainty only in the first case of 
Kjellberg et al. (/oc. cit.: Fig. 473) and perhaps 
in the angiogram reported by Keith.*' Simul- 
taneous opacification of the right ventricle and 
aorta as well as the left ventricle and pulmonary 
artery (case of Maxwell and Crumpton) is seen 
in complete transposition with a large ventricu- 
lar defect. The septum is clearly visualized in the 
case of Martin and Lewis but there seems to be 
no biventricular origin of the opacified pulmo- 
nary artery; the left margin of the pulmonary 
root is in line with the left margin of the septum 
and there is no appreciable overriding. In the 
case of Maxwell and Crumpton “the pulmonary 
artery is in close relationship to the ventricular 
septal defect,” but certainly not overriding the 
defect. 

The foregoing discussion emphasizes the difh- 
culty of establishing the diagnosis of the anomaly 
in vivo. The clinical features and, in some 
respects, the other complementary studies are 
almost identical to those occurring in complete 
transposition with interventricular communica- 
tion. Only angiocardiographic visualization of 
the biventricular origin of the pulmonary artery 
establishes indisputably the diagnosis between a 
complete and an incomplete transposition of the 
Taussig-Bing type. 


COMMENTS 


The Taussig-Bing complex belongs to the 
group of incomplete transposition of the great 
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vessels. The basic anomaly is the abnormal 
position of the arterial trunks, a defect of the 
interventricular septum and the relationship of 
the pulinonary artery to the septal communica- 
tion. We believe that there are various degrees 
in the extent of the overriding of the pulmonary 
artery. In the original case of Taussig and Bing 
and that of Lev and Volk, the pulmonary artery 
arose primarily from the right ventricle. In our 
cases, the pulmonary artery originated mainly 
from the left ventricle. 

A discussion of a transposition complex, 
whether complete or incomplete, always leads to 
speculation about the exact embryologic cause 
of this fascinating anomaly. A number of 
theories have been proposed. In our cases we 
shall briefly comment upon the most recent 
hypotheses. 

The ingenious phylogenetic conception of 
Spitzer™ has been attacked on the ground that 
his explanation of the abnormalities is complex 
and often too radical. As applied to our cases, it 
is difficult for us to accept the opinion of Spitzer 
that the aorta is not a transposed vessel but a 
right reopened aorta and that the pulmonary 
artery is thrown into what is apparently a left 
ventricle by a false anterior septum. No case has 
yet been reported in the literature in which two 
definite aortas, right and left, were present. 
Among the various types of transpositions as set 
forth and graded by Spitzer, it is impossible to 
find one which would conform to our cases. 
According to Spitzer, the aorta, being a right 
reopened ventricular aorta, always lies to the 
right of the crista supraventricularis. The latter, 
becoming hypertrophied and rotated into the 
plane of the preserved true posterior septum, 
takes the place of the true anterior septum, 
which has completely disappeared. Hence the 
pulmonary artery is transposed only apparently. 
Its ostium is on the left of the crista supra- 
ventricularis (false anterior septum) and on the 
right of the remnants of the true anterior sep- 
tum and consequently it only appears to be in 
the left ventricle. We would be very reluctant 
to accept such an explanation in our cases. We 
can not accept the concept that the interven- 
tricular septum is in our cases anything but the 
normal one. We can not accept the belief that 
the crista supraventricularis must always sepa- 
rate the pulmonary artery from the aorta. Nor 
can we accept the view that the heavy muscular 
ridge described in our cases and interpreted 
as the crista supraventricularis is the hyper- 
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trophied right leat of the bulboatrial ledge found 
in the primitive heart cavity. 

The ontogenetic inversion theory of Pernkopt 
and Wirtinger and the recent hypothesis ad- 
vanced by Lev and Saphir could satisfactorily 
explain our cases. The two theories differ in that 
the two German investigators assume that “the 
essential factors in transposition lie in pure 
ontogenetic embryological malformation” while 
the American authors retain in their conception 
the irritative hydrodynamic factors postulated 
by Spitzer. On the other hand, both theories 
admit that transposition complexes are related to 
abnormal absorption of the bulbus, a process 
occurring during the second phase of the 
development of the heart. 

Pernkopf and Wirtinger’s theory, founded on 
the concept of inversion, postulated that in the 
second phase of development of the heart 
a partial inversion (counterclockwise rotation) 
of the septal anlage occurs in the bulbar region, 
resulting in the various types of partial and com- 
plete transpositions. 

Faulty absorption of the bulbus, due to an 
assumed abnormality of the ridge formation, 
according to Lev and Saphir, is responsible for 
the incorrect origin of the aorta and pulmonary 
artery and for the unequal size of the vessels. 
The various degree of pulmonary overriding in 
the reported cases could be explained satisfac- 
torily by abnormal play of the hydrodynamic 
forces responsible for the bulbar torsion at the 
two ostia bulbotruncare and ventriculobulbare 
in the presence of a more marked abnormality of 
the ridge formation. The markedly different 
architecture of the conus found in the case of Lev 
and Volk could possibly be explained by a lesser 
degree of transposition. Proof of this would be 
offered by the course of the coronary arteries in 
this case and in our first two cases. In the former, 
the process of transposition of the coronary 
arteries is only partial, while in the latter it has 
been completed in that all branches of the left 
coronary artery arise from the original right 
coronary orifice. 

The circulation in the Taussig-Bing complex is 
inconsequential during fetal life. With establish- 
ment of the pulmonary circulation the blood flow 
becomes distinctly unphysiologic. Systemic ve- 
nous blood enters the right heart normally. It 
then flows from the right ventricle into the aorta 
and the overriding pulmonary artery. The 
amount and the direction of the shunt is depend- 
ent upon the pressures in the two circulations; 
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the flow always taking the path of least resist- 
ance. The magnitude of the shunt is also de- 
pendent upon the degree of overriding of the 
pulmonary artery. The pulmonary resistance, 
becoming lower than the systemic, permits a 
greater flow of blood into the lesser circulation, 
at least in the early stages of the disease.* The 
blood returning from the lungs through the pul- 
monary veins enters the left side of the heart 
normally. A greater portion flows into the pul- 
monary artery and the remainder into the right 
ventricle through the ventricular communica- 
tion. Admixture of arterial and venous blood 
occurs at the level of the defect, which explains 
the difference in oxygen saturation in the right 
and left ventricle, aorta and pulmonary artery. 
The oxygen saturation of the pulmonary artery 
blood is the highest since the greater part of its 
blood comes from the left ventricle. The right 
ventricular blood has a lower oxygen saturation 
since the volume of the venous blood is much 
greater than the volume of arterial blood shunted 
from the left ventricle. The aortic blood has the 
lowest oxygen saturation because it consists al- 
most entirely of venous blood reaching the aorta 
directly from the inflow portion of the right 
ventricle. The crista supraventricularis, acting 
as a false septum between the infundibulum and 
the region of the interventricular septal defect, 
somewhat hinders the flow of the shunted arterial 
blood from reaching the aorta. The myocardium 
is consequently supplied with blood poorest in 
oxygen content. The abnormality of hemo- 
dynamics throws light upon the anatomic find- 
ings. The work load of the right ventricle con- 
sists of the systemic and pulmonary resistances 
in addition to an increased volume of blood due 
to the left to right shunt. Consequently the right 
ventricle is markedly hypertrophied. On the 
other hand, the work load of the left ventricle is 
much less. It consists of the pulmonary resistance 
and a markedly increased volume of blood from 
the augmented pulmonary venous return and the 
right to left shunt. Therefore the left ventricular 
cavity is dilated with normal or slightly hyper- 
trophied walls. 

The prominent clinical sign of the Taussig- 
Bing syndrome is the cyanosis present from birth 
or its appearance shortly thereafter within the 
first few hours or days. It is the inevitable result 


* Our experience with patients who had marked signs 
and symptoms of a large pulmonary blood flow suggests 
that the lesser circulation reacted as a low-resistance 
circuit. 
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of the anatomic structure of the heart. It is a 
permanent sign and almost always progressive. 
Clubbing of the fingers and toes and poly- 
cythemia develop in cases of sufficient survival. 
An outstanding feature of our cases was the 
intense dyspnea from the birth. We believe that 
the intracardiac hemodynamics, as governed 
by the anatomic structure of the right ventricle, 
was partially responsible for the labored breath- 
ing. The crista supraventricularis, forming a 
fairly deep partition between the defect of 
the ventricular septum, posteriorly located, and 
the anteriorly placed infundibulum, prevented 
the shunted arterial blood from being fully 
delivered to the aorta. Therefore the oxygen 
supplied to the systemic circulation was from 
the caval blood augmented by that portion of the 
shunted arterial blood which could by-pass the 
crista. Another important causative factor in the 
rapid, shallow breathing was that of the stimulat- 
ing effect of the severe pulmonary congestion 
upon the intrapulmonary vagal endings. Hol- 
man and Beck** and Churchill and Cope** have 
given experimental proof of this phenomenon. 
Chiechi*® has offered clinical evidence of this 


theory in patients with tetralogy of Fallot under- 


going correction of the pulmonary stenosis 
by the method of Brock in which overcorrection 
of the pulmonary stenosis caused a marked 
increase of the pulmonary blood flow. 

The next prominent finding is the radiologic 
picture of increased pulmonary circulation with 
hyperpulsatile hilar vessels that frequently 
amount to a hilar dance. On x-ray the heart 
is enlarged and has a globular configuration with 
an apparently normal pedicle in the postero- 
anterior and both oblique projections. There is 
often a diffuse systolic murmur of no diagnostic 
significance heard over the precordium, usually 
not loud, and occasionally accompanied by a 
thrill. Some authors*'* describe a booming, 
sharp pulmonary second sound. The electro- 
cardiographic findings are those of right ventric- 
ular hypertrophy. The pronounced hypoxemia 
accounts for the stunting of growth and failure 
to gain weight almost invariably seen in these 
patients. The worsening of the clinical condition 
is manifest by symptoms and signs of high output 
cardiac failure, that is, rapid respirations, rapid 
heart rate, pulmonary and hepatic congestion. 
The course of the failure is seldom controlled 
with medical therapy. 

The diagnosis of the ‘Taussig-Bing anomaly is 
extremely uncertain in the living patient. We 
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have already mentioned some of the difficulties 
commonly encountered to an endeavor to estab- 
lish the diagnosis in vivo. The conditions from 
which this malformation must be differentiated 
include all the congenital heart anomalies with 
cyanosis and increased pulmonary blood flow. 
These are: complete transposition of the great 
vessels with ventricular septal defect, single 
ventricle with or without transposition, truncus 
communis persistens overriding a defect of the 
ventricular septum and its variants, truncus 
solitarius aorticus and truncus solitarius pul- 
monalis, and the Eisenmenger complex. 

No difficulty should arise in the differential 
diagnosis with the last condition in which the 
cyanosis is ordinarily of late development. An- 
other important point is that in the Taussig-Bing 
syndrome “exercise results in a fall in oxygen 
consumption whereas in the Eisenmenger com- 
plex there is an increase in oxygen consumption 
per liter of ventilation.”’’ 

In both truncus communis persistens over- 
riding an interventricular communication with 
circulation to the lungs by way of pulmonary 
arteries and in truncus solitarius pulmonalis, the 
increased pulmonary blood flow is commonly 
accompanied by minimal or even absent 
cyanosis. A distinctive “sitting duck’’ silhouette 
is found on x-ray in truncus communis persistens. 
When the pulmonary blood supply is derived 
from the bronchial arteries, as found in the 
variant, truncus solitarius aorticus, the cyanosis 
is severe. In this condition, however, the 
vascularity of the lungs is commonly decreased 
with a reticular and stippled pattern distinctly 
characteristic and consequently diagnostic. 

A single ventricle with transposition of the 
great vessels, the pulmonary artery arising from 
the common ventricle and the aortic from the 
rudimentary outlet chamber, shows greatly 
enlarged hilar shadows on x-ray. However 
cyanosis is slight or absent even though there is 
an increased amount of reduced hemoglobin in 
the arterial blood. On the other hand, in the 
case of a single ventricle with the aorta arising 
from the common chamber and the pulmonary 
artery from the rudimentary outlet chamber, the 
cyanosis tends to be severe but the pulmonary 
blood flow and lung vascularity is reduced. 

Differentiation of the Taussig-Bing complex 
from complete transposition of great vessels with 
interventricular septal defect often represents 
an insoluble diagnostic problem. On purely 
clinical grounds the two conditions are identical 
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and can not be separated. The x-ray findings in 
the Taussig-Bing syndrome are significant and 
they might be of diagnostic aid. Taussig** states 
that in complete transposition of great vessels, 
“in the antero-posterior position there isa. . . 
narrow aortic shadow. In the left anterior 
oblique position the shadow increases in width.” 
The anatomic arrangement of the great vessels, 
ascending almost parallel to each other from the 
base of the heart, is responsible for this classic 
roentgen picture, of which variants have been 
described?*:** since the first report given by 
Taussig.** In our cases the shadow cast by the 
great vessels appeared normal (Fig. 11) or 
enlarged (Fig. 12) and rotation of the patient 
in the left anterior oblique position failed to 
increase its width, the diagnosis of transposition 
was therefore not entertained in three of the four 
cases because the sign of Taussig could not be 
established. The absence of this finding in the 
anomaly under discussion is explained by the 
fact that when the pulmonary trunk overrides a 
defect of the ventricular septum, it is located 
posteriorly and to the left of the aorta. Further- 
more, it is tremendously enlarged, and extends 
beyond the left margin of the ascending aorta. 
These two elements account for the absence of 
Taussig’s sign in the Taussig-Bing complex. 
In a cyanotic child with the clinical findings 
of transposition of great vessels and the fluoro- 
scopic findings just described the Taussing-Bing 
complex should be strongly suspected. 

The importance of angiocardiography has 
been stressed as a means of definitely establish- 
ing the diagnosis of the anomaly. In very favor- 
able conditions the biventricular origin of the 
pulmonary artery can be demonstrated in a 
lateral angiogram and the extent of its overriding 
can be approximately estimated. This unique 
feature is pathognomonic and should differ- 
entiate the Taussig-Bing heart from any other 
transposition complex and from any other con- 
genital anomaly. The Swedish investigators‘ 
have given criteria for the classification of the 
various degrees of overriding of the aorta in 
tetralogy of Fallot. These criteria can be applied 
to the position of the pulmonary root in relation 
to the septum in the Taussig-Bing syndrome. 
Kjellberg and Coll reported only one case in 
their book in which the interventricular septum 
and on overriding pulmonary artery is readily 
visualized. In none of the other published 
angiograms of the Taussig-Bing syndrome can 
the biventricular origin of the pulmonary root be 


Fic. 11. Normal aortic pedicle in Case 1. 


definitely ascertained following the standards 
established by the Swedish investigators. 

It has been maintained that the overriding 
pulmonary artery may advantageously influence 
the course and prognosis of the disease, in 
contrast to other transposition complexes.’ 
This has not been the case in our patients since 
all died very early with an identical clinical 
picture. We believe that the factor which may 
alter the prognosis is not the overriding in itself 
but its extent. When the pulmonary artery 
arises primarily from the right ventricle there is 
apparently a longer survival. When the pul- 
monary artery originates mainly from the left 
ventricle, as in our patients, the prognosis is 
apparently poor. In this situation the prognosis 
will depend upon another factor, that is, the size 
of the interventricular communication, as in 
complete transposition. 

According to a still highly controversial and 
somewhat teleologic theory eleborated by 
Edwards and his associates,*'~** the key to the 
prognosis would seem to reside in the role played 
by the pulmonary vascular bed in governing the 
pulmonary blood flow. When at birth a “‘com- 


mon ejectile force’ * is present in the heart, due 


* The Taussig-Bing complex, according to this view, 
belongs to a group of congenital heart disease with large 
defects between the ventricles or great vessels (Eisen- 
menger complex, transposition of the great vessels with- 
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Fic. 12. The shadow of the great vessels is increased in 
width because of the greatly enlarged pulmonary artery 
(Case 


to a large interventricular communication, the 
pulmonary vascular bed may follow three possi- 
ble courses.*°:** First, the pulmonary vasculature 
may evolve normally, with a decreased periph- 
eral pulmonary resistance. Therefore a progres- 
sively larger portion of cardiac output passes to 
the lesser circulation and a_ proportiondly 
smaller amount reaches the systemic circulation. 
This, in turn causes an increase in the cardiac 
output to maintain a normal blood flow, since 
the systemic resistance remains unchanged. The 
clinical picture of high output cardiac failure 
ensues and the patient dies in spite of all 
medication. Secondly, if the fetal condition of 
high pulmonary vascular resistance continues 
after birth, balancing the blood flow in the two 
circulations, t the patient may be symptom-free 
with minimal or absent cyanosis. And lastly, if 


out pulmonary stenosis, coarctation of the aorta proximal 
to a patent ductus arteriosus, common ventricle without 
pulmonary stenosis, tricuspid atresia without pulmonary 
stenosis) in which there is a common ejectile force for the 
systemic and lesser circulation. The distribution of the 
blood into the two circuits is therefore dependent upon 
their respective peripheral vascular resistance. 

t This, according to Edwards, may occur because the 
thick-walled, small-lumened arterioles of the fetal lungs 
maintain their peculiar structure after birth and normal 
vascular evolution does not occur. 
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there is a gradual increase of the pulmonary 
vascular resistance with secondary intimal 
changes in the small pulmonary arteries, the 
pulmonary resistance may become greater than 
the systemic and the patient suffers hypoxia, 
becoming cyanotic and dyspneic. 

Histologic examination of the lungs in our 
second case showed that the pulmonary vascula- 
ture had followed the pattern of normal 
postnatal evolution. The structure of the 
small muscular arteries was consistent with the 
normal. There was an increase in the lumen of 
the vessels and decrease of the thickness of the 
medial coat. Therefore, in this case the lesser 
circulation had reacted hemodynamically as a 
low-resistance circuit, and this led to high output 
failure. In the other three cases, however, the 
small muscular arteries of the lungs showed the 
medial thickening and narrow lumen character- 
istic of the fetal state. In the twenty-three month 
old child a rare vessel exhibited intimal change 
as well. Yet in these cases the hemodynamic 
response of the pulmonary vascular bed was that 
of a low-resistance area in spite of the fetal 
structure of the vessels. A state of balance be- 
tween the lesser and great circulation was not 
reached and the patients died of the character- 
istic congestive heart failure described. It is 
important to keep in mind that in the period 
from birth to six months the pulmonary vessels 
in patients with congenital abnormalities char- 
acterized by a “common ventricular ejectile 
force” may be difficult to distinguish from those 
in the normal subject before postnatal changes 
have occurred.*’ 


TREATMENT a 


Surgical correction of the Taussig-Bing com- 
plex is linked intimately to the surgical treat- 
ment of transposition of the great vessels. Many 
procedures have been proposed for the correction 
of this anomaly but all of them have been asso- 
ciated with a high mortality.**~** Restoration 
of normal anatomy by surgical retransposition 
of the great vessels with transplantation of coro- 
nary arteries would be the ideal operation.*! 
Attempts in this direction are currently being 
made.*? Reestablishment of a quasi-normal 
anatomic relationship, however, could be 
achieved by creating a “corrected trans- 
position.”” This procedure, which entails the 
transposition of the systemic veins to the left 
atrium and the pulmonary veins to the right 
atrium, has been attempted with unsatisfactory 
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results.** Another method of obtaining a form of 
“corrected” transposition is that proposed by 
Albert.** By remodeling and shifting the inter- 
atrial septum in two planes, the caval blood is 
diverted into the left atrium and the pulmonary 
return into the right atrium. This procedure has 
had only experimental trial. 

In addition to the technical problems involved 
in the surgical correction of pure transposition 
of great vessels, the Taussig-Bing complex pre- 
sents the disadvantage of a large interventricular 
communication and a variable degree of over- 
riding of the pulmonary artery. Ventricular 
septal defects are currently being closed success- 
fully under direct vision by means of open 
cardiotomy. The overriding should constitute 
no substantial obstacle to the repair of the defect, 
since the author has been able to correct the 
septal lesion in the fresh dead heart of the first 
case emploving the technic of Lillehei.** In the 
cases of pulmonary artery arising primarily from 
the right ventricle, suture of the inferior margin 
of the defect to that portion of the atrioventricu- 
lar annulus displaced in the right ventricular 
cavity might encroach upon the left ventricular 
outflow. 

With the advent of definitive intracardiac sur- 
gery with total cardiac and pulmonary by-pass 
utilizing controlled cross circulation,**~** con- 
tinuous arterial reservoir perfusion*® or pump 
oxygenator,®*® adequate methods appear avail- 
able for performing successfully any one of the 
operations mentioned. Thus the transposition 
complexes, perhaps the most fatal and challeng- 
ing of congenital malformations, may yet be 
conquered by modern surgery. 


SUMMARY 


A clinical and pathologic study of four cases of 
Taussig-Bing complex is presented. The abnor- 
mal anatomy of the right ventricular cavity is 
described in detail in the first two cases. | 

A review of the pertinent literature is given, 
with critical observations on the reported cases. 

After a brief comment on the embryology of 
the malformation, the hemodynamic and clinical 
implication of the syndrome are discussed. 

The differentiation from other congenital ab- 
normalities characterized by cyanosis and in- 
creased pulmonary blood flow is reviewed. 

The various prognostic factors are considered 
and a short account is given of the available 
surgical procedures for the correction of the 
abnormality. 
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ADDENDUM 


Since this paper was written, a report of two 
more cases of Taussig-Bing complex has ap- 
peared in the literature.*! The diagnosis of 
Taussig-Bing heart was suspected clinically in 
both instances. In the first case it was confirmed 
by angiocardiography while in the second by 
catheterization studies. 

We are not in agreement with the authors’ 
interpretation of the angiocardiograms (Case 1) 
and the catheterization findings (Case 11). The 
angiocardiographic plates exhibited in the 
first case do not show the pathognomonic sign of 
the syndrome, that is, the biventricular origin of 
the pulmonary artery. They merely show a 
simultaneous opacification of the aorta and 
pulmonary artery which can also occur in trans- 
position of the great vessels with a large inter- 
ventricular septal defect. The catheterization 
findings in the second case are far from being 
“entirely conclusive” as the authors state. The 
finding of blood oxygenation greater in the pul- 
monary artery than in the aorta and the record- 
ing of similar systolic pressures in both great 
vessels and right ventricle are not typical of a 
Taussig-Bing heart and can be explained equally 
well by a transposition of the great vessels with 
an interventricular septal defect. 


Acknowledgment: The author wishes to express 
his gratitude to Dr. N. A. Antonius, Director 
of the Cardiology Department and Dr. R. Miller 
for their suggestions in the preparation of the 
manuscript. The author feels especially indebted 
to Dr. S. J. Rose, Chief of Pathology, and Miss 
Antoniette Criscitiello for their invaluable 
assistance and cooperation. Dr. J. E. Edwards, 
Section of Pathology, Mayo Clinic, kindly 
reviewed the microscopic sections of the lungs. 


REFERENCES 


1. Taussic, H. B. and Binc, R. J. Complete transposi- 
tion of the aorta and a levoposition of the pul- 
monary artery. Am. Heart J., 37: 551, 1949. 

Asspott, M. E. Atlas of Congenital Heart Disease. 
New York, 1936. The American Heart Association. 

3. Metianu, C. et al. Taussig-Bing syndrome diag- 

nosed in vivo and verified by autopsy; new case. 
Acta cardiol., 8: 76, 1953. 

4. KyeLLBeRG, S. R., MANNHEIMER, E., Rupue, U. and 
Jonsson, B. Diagnosis of Congenital Heart Disease. 
Chicago, 1955. Year Book Publishers, Inc. 

. Coprpotetta, J. M. and Worsacu, S. B. Body length 
and organ weights of infants and children. Am. J. 
Path., 9: 55, 1933. 

6. Pernxopr, E. and Wirtincer, W. Die Transposition 


vi 


10. 


11. 


24. 


23. 


26. 


. Maxwetrt, G. G. and Crumpron, C. W. 


. Moracues, V. and Lynxwiter, C. 


Taussig-Bing Complex—Chrechi 


der Herzostien. Ein Versuch der Erklarung dieser 
Erscheinung. Zischr. f. Anat. u. Entweklnesgesch., 
100: 563, 1933. 

Pernkopr, E. Der partielle Situs inversus der Einge- 
weide beim Menschen. Zischr. f. Anat. u. Ent- 
wekingsgesch., 79: 577, 1926. 


. Brown, J. W. Congenital Heart Disease, p. 193. 


London, 1939. Staples Press. 


. Brown, J. W. Congenital Heart Disease, p. 264. 


London, 1950. Staples Press. 

Lev, M. and Vork, B. W. The pathological anatomy 
of the Taussig-Bing heart; riding pulmonary 
artery; report of a case. Bull. Int. A. M. Museums, 
31: 54, 1950. 

Van Bucnuem, F. S. F., VAN VermeskerkKew, J. L. 
and Orie, N. S. M. Transposition of the aorta 
(Taussig’s syndrome). Acta med. Scandinav., 137: 
66, 1950. 


. Bayer, O. Das Syndrom von ‘laussig und Bing. 


Schweiz. med. Wehnschr., 81: 558, 1951. 


. Martin, J. A. and Lewss, B. M. Transposition of the 


aorta and levoposition of the pulmonary artery. 
Am. Heart J., 43: 621, 1952. 
The 
Taussig-Bing syndrome; a report of two further 
cases, one complicated by aortic coarctation. 
Am. J. Med., 17: 578, 1954. 


. Esptno Vera, J. El complejo de Taussig-Bing: 


estudio clinico de un caso. Arch. Inst. cardiol. 
México, 25: 89, 1955. 

P. Cardiac 
Anomalies. Clinico-pathologic Correlation. 
Baltimore, 1954. Williams & Wilkins Co. 


. Lev, M. and Sapuir, O. A theory of transposition of 


the arterial trunks based on the phylogenetic and 
ontogenetic development of the heart. Arch. Path., 
39: 172, 1945. 


. Epwarps, J. E. Taussig-Bing complex. In: Goutp, 


S. E. Pathology of the Heart, p. 338. Springfield, 
Ill., 1953. Charles C Thomas. 


. Camppeci, M. and Suzman, S. Transportation of the 


aorta and pulmonary artery. Brit. Heart J., 12: 
201, 1950. 


. Gasut, B. M. and Marienre pn, C. J. Clinical diag- 


nosis of the cyanotic types of congenital malforma- 
tions of the heart. Pediat. Clin. North America, 1: 131, 
1954. 


. Kerrn, J. D. Angiocardiography in infants and chil- 


dren. Pediat. Clin. North America, 1: 73, 1954. 


. Sprrzer, A. In: Lev. M. and Vass, A. The Archi- 


tecture of Normal and Malformed Hearts. Spring- 
field, Ill., 1951. Charles C Thomas. 


. Horman, E. and Becx, C. S. The physiological 


response of the circulatory system to experimental 
alteration. 11. The effect of aortic and pulmonary 
stenosis. J. Clin. Investigation, 3: 283, 1926. 

Cuurcuiti, E. D. and Cope, O. The rapid shallow 
breathing resulting from congestion and edema. 
J. Exper. Med., 49: 531, 1929. 

Curecut, M. A. La tetralogia di Fallot. 1. Con- 
siderazioni embriologiche e anatomo-patologiche. 
Tecnica operativa ad analisi di 19 casi sottoposti 
all’operazione di Brock. Chir. torac., 6: 277, 1953. 

Taussic, H. B. Congenital malformations of the 
heart. The Commonwealth Fund, New York, 
1947. 


AMERICAN JOURNAL OF MEDICINE 


|| 
|| 


27 


28. 


29. 


31. 


32. 


33. 


34. 


35. 


39. 


40. 


41. 


FEBRUARY, 


Taussig-Bing Complex—Chiechi 


Astiey, R. and Parson, C. Complete transposition 
of the great vessels. Brit. Heart J., 14: 13, 1952. 
CasTeELLANOS, A., Perema, R. and Garcia, 
©. Angiocardiography: anatomoroentgenological 
forms of transposition of the great vessels. Am. J. 
Roentgenol., 64: 255, 1950. 

Taussic, H. B. Complete transposition of the great 
vessels: clinical and pathologic features. Am. Heart 
J., 16: 728, 1938. 


. Epwarops, J. E. Transposition of great vessels. In: 


Goutp, S. E. Pathology of the Heart, p. 339. 
Springfield, [ll., 1953. Charles C Thomas. 

Epwaros, J. E. Structural changes of the pulmonary 
vascular bed and their functional significance in 
congenital cardiac disease. 26th Ludwig Hektoen 
Lecture. Proc. Inst. Med. Chicago, 18: 134, 1950. 

Civin, W. H. and Epwarops, J. E. The postnatal 
structural changes in the intrapulmonary arteries 
and arterioles. Arch. Path., 51: 192, 1951. 

Epwaros, J. E. Functional pathology of congenital 
cardiac disease. Pediat. Clin. North America, 1: 13, 
1954. 

Epwarps, J. E. Pathologic considerations in adjust- 
ments between the systemic and pulmonary 
circulations. In: Henry Ford Hospital Symposium 
on Cardiovascular Surgery. Philadelphia, 1955. 
W. B. Saunders Co. 

Daman, J. F., Jn. and Mutrer, W. H., Jr. The role 
of the pulmonary vascular bed in congenital heart 
disease. Pediatrics, 12: 307 , 1953. 


. Daman, F. J., Jn. and Ferencz, C. Adjustments 


between the systemic and pulmonary circulations: 
clinico-anatomic correlations. In: Henry Ford 
Hospital Symposium on Cardiovascular Surgery. 
Philadelphia, 1955. W. B. Saunders Co. 


. Epwarps, J. E. Personal communication. 
. Hanton, C. R. and Bratock, A. Complete trans- 


position of the aorta and the pulmonary artery. 
Experimental observation on venous shunts as 
corrective procedures. Ann. Surg., 127: 385, 1948. 

Biatock, A. and Hanton, C. R. The surgical treat- 
ment of complete transposition of the aorta and the 
pulmonary artery. Surg., Gynec. © Obst., 90: 1, 
1950. 

Biatock, A. A consideration of some of the problems 
in cardiovascular surgery. J. Thoracic Surg., 21: 
543, 1951. 

Feit, E. H. and Forney, R. A. Surgical treatment 
of congenital cardiovascular anomalies accom- 
panied by cyanosis. Pediat., Clin. North America, 1: 
197, 1954. 


1957 


42. 


45. 


45. 


47. 


45. 


49. 


51. 


251 


Kerrn, J. D., C. A., Vian, P., Rowe, R. D. 
and Cuute, A. L. Transposition of the great 
vessels. Circulation, 7: 830, 1953. 

Littenes, C. W. and Varco, R. L. Certain physio- 
logic, pathologic, and surgical features of complete 
transposition of the great vessels. Surgery, 34: 376, 
1953. 


. Avsert, H. A. Surgical correction of transposition of 


the great vessels. In: Surgical Forum—Clinical 
Congress of the American College of Surgeons, 
vol. 5, p. 74. Philadelphia, 1954. W. B. Saunders 
Co 


Litener, C. W., Conen, M., Warpen, H. E., 
Ziecier, N. R. and Varco, R. L. The result of 
direct vision closure of ventricular septal defects 
in eight patients by means of controlled cross- 
circulation. Surg., Gynec. @ Obst., 101: 446, 
1955. 

Littener, C. W., Conen, M., Warpen, H. E. and 
Varco, R. L. The direct vision intracardiac cor- 
rection of congenital anomalies by controlled 
cross-circulation. Results in thirty two patients 
with ventricular septal defects, tetralogy of Fallot 
and atrioventricularis communis defects. Surgery, 
38: 11, 1955. 

\Warpen, H. E., Conen, M., Reap, R. C. and Litte- 
HEI, C. W. Controlled cross-circulation for open 
intracardiac surgery. J. Thoracic Surg., 28: 331, 
1954. 

Litcenes, C. W., Conen, M., Warpen, H. E., Reap, 
R. C., De Watt, R. A. Aust, J. B. and Varco, 
R. L. Direct vision intracardiac surgery. In: 
Henry Ford Hospital International Symposium 
on Cardiovascular Surgery, p. 371. Philadelphia, 
1955. W. B. Saunders Co. 

Warpen, H. E., Reap, R. C., De Want, R. C., 
Aust, J. B., Conen, M., Zrecier, N. R., Varco, 
R. L. and Littener, C. W. Direct vision intra- 
cardiac surgery by means of a reservoir of “‘arteri- 
alized venous” blood. J. Thoracic Surg., 30: 649, 
1955. 

Du SuHane, J. W., Kirxuin, J. W., Patrick, R. T., 
Donap, D. E., Terry, H. R., Jr., BurcHe tt, 
H. B. and Woop, E. H. Ventricular septal defects 
with pulmonary hypertension. J. A. M. A., 160: 
950, 1956. 

CARVALHO Azevepo, A., Wey Torepo, A., 
ALves DE CARVELHO, A. and Rousacn, R. Trans- 
position of the aorta and levoposition of the pul- 
monary artery—Taussig-Bing Syndrome. Am. 
Heart J., 52: 249, 1956. 


46. 

37 
48 

50. 


The Cardiac Output in Paget’s Disease before 
and after Treatment with Cortisone’ 


RApAporT, M.D.;T HrrosH1 Kura, m.p.,~ Lewis DEXTER, M.D., 
Poitip H. HENNEMAN, M.D. and FULLER ALBRIGHT, M.D. 


Boston, Massachusetts 


ARDIAC output in patients with extensive 
Paget’s disease may be considerably ele- 
vated.':* The observation by two of us (P. H. H. 
and F. A.) that large doses of cortisone and 
ACTH suppress the activity in Paget’s disease 
led us to investigate the effect of this therapy on 
the cardiac output. The clinical results of treat- 
ment in these patients are reported elsewhere. ° 


METHODS AND PROCEDURES 


Fifteen studies were performed on six patients with 
extensive osteitis deformans. Three pauents had three 
studies and three patients had two studies with no uni- 
formity in the type and dosage of hormone treatment 
nor in the relation of duration of therapy to time of 
study. (Table 1.) Cardiac output was measured im- 
mediately before and from nine to sixty-one days after 
initiation of cortisone therapy in four cases. Patient 
A. M. had been on low doses of hydrocortisone for one 
year before the first cardiac output determination. 
She was restudied after twenty-five days of therapy 
with high doses of cortisone and again eighty-six days 
after resumption of low maintenance doses of cortl- 
sone. The second study in patient E. C. was performed 
four days after discontinuation of thirty-five days of 
therapy. Patient A. F. was studied before therapy, 
after six days of high doses followed by thirty-one days 
of lower doses of cortisone, and again after two hun- 
dred fifty days on maintenance dosage. The earliest 
study following institution of treatment was performed 
on patient G. G., who was studied after receiving 160 
mg. prednisone over a three-day period and a third 
time after ninety-two days on 20 mg. prednisone per 
day. All patients were on salt restriction diets during 


the period of high-dosage cortisone therapy. Deter- 
minations were made with the patient fasting and at 
rest in the recumbent position. Cardiac output was de- 
termined by the indicator dilution method,‘ using 
Evans blue dye§$ and on two occasions I-131 labeled 
human serum albumin. The validity of this method 
with parucular reference to peripheral vein injection 
has been adequately tested elsewhere.°~‘ In our labo- 
ratory, the average of all individual ratios of Evans 
blue dye flows to direct Fick method cardiac outputs is 
.96 (o@9 = .12). A Gibson syringe, calibrated by weight 
to deliver a known volume, was used to inject approxi- 
mately 10 mg. of Evans blue dye or 15 microcuries of 
radioactivity into an antecubital vein during the mid- 
point of a three-minute collection of expired air for 
oxygen consumption. Samples were collected from the 
contralateral brachial artery every two seconds 
through a short segment of polyethylene tubing into a 
specially constructed rotary multiple-sampling device. 
Dye analyses were performed on undiluted plasma 
with microcuvettes| in a Beckman DU spectro- 
photometer at 620 mu. Plasma flow was converted to 
blood flow using the large-vessel hematocrit corrected 
for trapped plasma.* Ten and twenty minute blood 
samples were taken for determination of total plasma 
volume, which was converted to total blood volume 
with the same hematocrit. In two cases where I-131 
albumin was used as the indicator, radioactivity was 
determined to 1 per cent statistical accuracy in meas- 
ured whole blood aliquots of each sample and in 
duplicate 1 ce. aliquots of a 1:1000 dilution of the 


$ Courtesy Lilly Research Laboratories, Eli Lilly & 
Co., Indianapolis, Ind. 
| Pyrocell Manufacturing Company, New York, N. Y. 
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injected solution. Since activity was measured in 
whole blood, a conversion to blood flow was not neces- 
sary. Direct intra-arterial pressures were recorded with 
each output. Total systemic resistance was determined 
by the formula 


mean arterial pressure (mm. Hg) X 1,332 


R= 
cardiac output (cc./sec.) 


A derived arterio-mixed venous oxygen difference was 
calculated with each output by the formula 
Arteriovenous oxygen difference 


oxygen consumption (cc./min.) 
cardiac output (liters/min.) 


Bone surveys were taken on each patient to estimate 
the degree of skeletal involvement with Pagetis disease. 
At the same time, serum alkaline phosphatase deter- 
minations were also made. 


RESULTS 


Resting cardiac output prior to therapy was 
distinctly elevated in all patients. (Fig. 1, Table 
1.) With the administration of large doses of 
cortisone for a sufficient duration, cardiac out- 
put fell in each case to levels which were within 
the normal range for this laboratory.’ In patient 
G. G. there was no change in cardiac output after 
three days of high doses of prednisone, but 101 
days after institution of treatment the output was 
low normal. In patients A. F. and A. M. studies 
performed after long-term maintenance doses 
of cortisone showed a return of cardiac output to 
high pretreatment levels with a concomitant rise 
in alkaline phosphatase levels. The fall in cardiac 
output ranged from 13 to 52 per cent of pretreat- 
ment values, averaging 37 per cent (o = 4.3). 
The mean of the individual ratios of pretreat- 
ment to posttreatment cardiac outputs was 1.63 
(0 = .31). The drop in cardiac output was not 
associated with any consistent change in oxygen 
consumption; the average of the ratio of pretreat- 
ment to posttreatment oxygen consumptions in 
individual patients was 1.04 (o = .20). Treat- 
ment had no consistent effect on the pulse pres- 
sure, mean arterial pressure, large vessel 
hematocrit or total blood volume. The pulse rate 
distinctly slowed in three patients treated with 
cortisone and remained essentially unchanged in 
the remaining three. In all cases total systemic 
resistance increased with treatment. The derived 
arteriovenous oxygen difference was initially 
low in all cases and rose toward normal following 
treatment. In two cases (A. M. and A. F.) car- 
diac output was redetermined after reduction of 


FEBRUARY, 1957 


293 
cortisone dosage to maintenance levels for 
eighty-six to two hundred fifty days, respec- 
tively. Cardiac output, which had dropped to 
normal levels with treatment, was again elevated 
to pretreatment levels. (Table 1.) 


THE EFFECT OF CORTISONE ON 
CARDIAC OUTPUT IN PAGET’S DISEASE 
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COMMENTS 


Edholm, Howarth, and McMichael in 1945! 
first demonstrated that the cardiac output may 
be elevated in Paget’s disease. Subsequent studies 
by Howarth? in a larger series of patients indi- 
cated that an increased cardiac output was not 
an indubitable finding, for it was not present in 
patients in whom alkaline phosphatase levels 
were below 45 K.A. units or when less than 
35 per cent of the skeleton was involved by dis- 
ease. Edholm and Howarth! also studied the 
peripheral circulation in Paget’s disease. They 
demonstrated a marked increase in bone vascu- 
larity of abnormal bone compared to normal 
bone, as evidenced by bone arteriographs. They 
also demonstrated an increased blood flow in in- 
volved bones, as judged by a somewhat crude 
but ingenious method for measuring humeral 
bone flow. These authors concluded, therefore, 
that an elevated cardiac output in this condition 
was the result of an increased blood flow in 
involved bones. The actual mechanism of the 
increased blood flow has yet to be proved, but 
they suggested that Paget’s disease acts in a 
manner analogous to a peripheral arteriovenous 
fistula except that the shunting of blood from the 
arteries to the. veins occurs in bones of affected 
areas: (1) When the circulation to an affected 
extremity involved with Paget’s disease is oc- 
cluded, the pulse slows and the diastolic blood 
pressure rises;' these changes are similar to 
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Patient’s 
Initials, 
Age 
and Sex 


Day of 
Determination 
with Respect 

to Therapy 


A. A., 45, M_ | Before therapy 


i 


9 days with 
cortisone 


A. F., 41, M | Before therapy 


A. M., 48, F 


E. C., 69, F 


| 


i 
} 


| 


j 


| 


6 days with 
cortisone, then 

31 days with 
cortisone 

250 days with 
cortisone 


360 days with 


hydrocortisone 
25 days with 
cortisone 
86 days with 
cortisone 
Before therapy 
35 days with 
cortisone, then 
4 days without 
cortisone 
Before therapy 
56 days with 
prednisone 
Before therapy 


1 day with 


prednisone, then 
2 days with 
prednisone 


days with 


prednisone, then 
92 days with 
prednisone 


TABLE I 
| 
= 
S| le 
[S518 
(2) 
als 
.87.0)2.06) 386.4 | 155] 24. 
609'87.5 233.1 | 55 
64.01.69) 1146.0 | 194] 32. 
600]....]....] 60]. 
100 64 0}. 100 |3.3 46. 
| 
60/50.9 1.45! 108 |5.3 | 146, 27 
M6 3.6 | 133 37 
20 50 130/27 
.. .|56.8)1.47] 3315.7 | 156] 27 
051.0).. 13 |3.6 | 126} 35 
}.../57.8)1.52) 2414.7 | 114] 24. 
30/58.0).. 14.4.1 | 147) 35 
| | 
.../51.8/1.48) 99] 19. 
60 5.1 | 107} 21 
| 
6.12.9 | 109] 37 


Oxygen Difference 


Heart Rate/ Min. 


- 


| 
78 164/111 | 131 


Intra-arterial 
Pressure 
(mm. Hg) 
Systolic / | 
Diastolic | Mean 
| 
149/75 | 95 
| 
140/69 | 88 
| 
105/62 | 88 
125/63 | 82 
143/80 106 
160/87 114 
112/64 87 
135/55 90 
141/65 98 | 
140/68 98 
144/77 | 101 
143/88 112 
149/85 | 113 


Total Systemic Resistance 
(dynes sec. cm.~*) 


Total Blood Volume 
Total Blood Volume 


1,190 | 3,622'69. 


| | 
| 

| 


| 2,437 | 3,778)72. 


(cc. /ke.) 


| Hematocrit (“%) 


* [-131 human serum albumin (*‘RISA”’) used as indicator. 


those which occur when a peripheral arteriove- 
nous aneurysm is manually occluded.!! (2) The 
femoral arteriovenous oxygen difference is nar- 
rower in an involved extremity compared to an 


uninvolved homologue. ?” 


Our observations confirm those of Howarth? 
that cardiac output in extensive Paget’s disease 
is elevated. Cardiac output before treatment was 
elevated in all the cases studied. (Fig. 1, Table 1.) 
All five patients had, by x-ray, at least 30 per 
cent of their skeleton involved with Paget’s dis- 


ease. The lowest pretreatment alkaline phospha- 
tase level was 17 Bodansky units (Patient E. P.), 
which is still considerably higher than the 45 
K.A. unit level below which Howarth? was 


unable to find an elevated cardiac output. 


Lequime and Denolin'*® have recently reported 
their experience in seven cases of Paget’s dis- 
ease in which five patients had “‘generalized”’ 
involvement. These investigators were unable to 
find significant alterations in resting circulatory 
dynamics in their patients, although they con- 
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curred in the opinion that there is an increased 
blood flow in involved bones. In two of their 
patients exercise resulted in abnormal augmen- 
tations of cardiac output. It is difficult to explain 
the normal resting cardiac outputs in their pa- 
tients in view of our own results and those of 
Howarth,’ but these authors also pointed out 
that whether or not an increased cardiac output 
will be present depends on the extent and activ- 
ity of the Paget’s process. Unfortunately, alkaline 
phosphatase levels were not reported in their 
cases. 

Accurate figures for normal total skeletal 
blood flow are not available to our knowledge. 
However, Bazett'* has indicated that it must be 
less than 14 per cent of the total cardiac output. 
This figure is the residual percentage of cardiac 
output remaining after all measurable or 
estimable regional flows are subtracted from the 
total cardiac output. If one accepts the premise 
that the increased cardiac output in Paget's 
disease is a reflection of the increased flow 
through involved bones,'* the difference in car- 
diac output before and during treatment with 
cortisone represents a quantitative approxima- 
tion of the increased bone blood flow in our cases. 
Further, if it is assumed that the normal cardiac 
outputs uniformly observed with cortisone 
therapy reflect the reduction of bone blood flow 
to normal, one can utilize Bazett’s figures to esti- 
mate that total bone blood flow in our cases, 
before therapy, was increased roughly 200 to 
900 per cent. 

Resting oxygen consumptions in our Cases 
were not elevated in proportion to the rise in 
cardiac output. As a result, the derived mixed 
arteriovenous oxygen differences were narrowed. 
This suggests that the observed increased blood 
flow is not secondary to increased local meta- 
bolic activity. It is however consistent with the 
view that there may be an arteriovenous 
communication. 

Figure 1 illustrates the effect of cortisone 
therapy on cardiac output. In each case cardiac 
output fell dramatically. The second study on 
patient G. G. was performed to determine how 
soon after institution of therapy the reduction in 
cardiac output occurs. The fact that the output 
did not change after three days of therapy, 
while it did in patient A. A. after nine days of 
treatment suggests that this occurs after about 
one week of treatment. The observation that 
cardiac output as well as serum alkaline phos- 
phatase values returned to pretreatment levels 
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in patients A. F. and A. M. after prolonged 
courses of low maintenance doses of cortisone 
suggests that suppression of activity does, indeed, 
depend on massive doses of hormone. The con- 
comitant directional changes in cardiac output 
and alkaline phosphatase levels suggest that they 
are functions of the same abnormality, which in 
our interpretation is the activity of the disease. 

The fall in cardiac output was not accom- 
panied by any significant change in oxygen 
consumption. Consequently, the narrowed cal- 
culated pretreatment arteriovenous oxygen dil- 
ference rose into the normal range with cortisone. 
This would indicate that possible depression of 
the general metabolic activity of these patients 
by cortisone was not a significant factor in the 
reduction of cardiac output. 

Although the pulse pressure prior to therapy in 
these patients was somewhat widened, in con- 
firmation of the observations of Kay,'® there was 
no consistent decrease in pulse pressure with 
cortisone therapy. In this regard, the effects of 
cortisone were different from those resulting from 
acute occlusion of areas effected with Paget’s 
disease from the circulation, where the pulse 
pressure decreases due to a rise in diastolic blood 
pressure. This difference may result from the 
fact that circulatory adjustments have time 
to occur during weeks of cortisone therapy, as 
contrasted to sudden circulatory occlusion. On 
the other hand, the possibility exists that the 
widened pulse pressure may be due primarily 
to the presence of atherosclerosis, which is 
known to occur more extensively and frequently 
in patients with Paget’s disease compared with 
the normal population’® rather than to possible 
arteriovenous Communications. 

The pulse rate in three patients appeared to 
slow appreciably with cortisone therapy. No 
change occurred in the remaining three patients. 
This slowing was particularly striking in patient 
A. A., in whom the fall in cardiac output was 
most marked; the pulse rate dropped from 88 to 
52 beats per minute with cortisone therapy. This 
change may be likened to the so-called Nicol- 
adoni Branham sign or slowing of the pulse rate 
with occlusion of a peripheral arteriovenous 
fistula." 

Total systemic resistance was low or low-nor- 
mal in all cases before cortisone administration. 
This presumably reflects the low resistance of 
the vascular bed in the involved areas. Whether 
or not other regions of the body contribute to 
lowering of total systemic resistance is unknown, 
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since to our knowledge, aside from the bone flow 
studies already mentioned, regional blood flows 
have not been determined in Paget's disease. The 
rise in total systemic resistance with treatment 
may be the result of an increase in resistance 
of the vascular bed in the affected areas. Whether 
this might be due to anatomic obliteration or 
vasoconstriction is not known. Anatomic obliter- 
ation of the abundant vascular bed seems an 
unlikely explanation, since in patients A. M. 
and A. F. cardiac outputs determined several 
months after termination of large doses of 
cortisone had reverted back to pretherapy levels. 
In addition, evidence of clinical activity resumes 
in these patients once the suppressive influence 
of large doses of cortisone is removed.’ Finally, 
biopsy. specimens*® from affected areas of the 
skull during treatment in each patient failed to 
show any anatomic obliteration of vascular 
channels when compared with pretreatment 
biopsy specimens. 

Total blood volume in large arteriovenous 
fistulas tends to be elevated and returns toward 
normal with surgical obliteration.'’ Of the four 
patients with Paget’s disease in whom total blood 
volume was determined before and during high 
dosage cortisone therapy, only one (A. M.) hada 
somewhat high pretreatment value. In one other 
(E. C.) it was at the upper limits of normal. 
In none of the patients, however, were the 
changes with cortisone therapy impressive. 
Two patients revealed a 7 and 6 per cent drop in 
total blood volume while in two others there was 
a 4 and 6 per cent increase from control values. 
These small changes in blood volume are proba- 
bly within the experimental error of the method'” 
and are less than that felt necessary to result, per 
se, in a change of cardiac output. The question 
arises as to whether or not the known salt and 
water retaining effects of cortisone are masking 
an otherwise apparent fall :n total blood volume. 
However, Walser, Seldin, and Burnett'’ have 
shown that in patients treated with cortisone or 
ACTH and permitted even considerable salt 
intake an increase in plasma or blood volume 
will not develop although a considerable expan- 
sion of extracellular fluid space may occur. 

The question naturally arises whether or not 
cortisone itself depresses cardiac output inde- 
pendently of its effect on the Paget’s process. In- 
formation in the literature on the effect of corti- 
sone in usual therapeutic doses on cardiac 
output is scanty. Perera®® noted a slight reduc- 
tion in cardiac output as determined with the 
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ballistocardiograph in a hypertensive subject 
who received cortisone. Horowitz and his asso- 
ciates*' also reported a mild decrease in cardiac 
output in patients with rheumatoid arthritis 
treated with cortisone. These patients had no 
gross evidence of cardiac disease and the effect on 
cardiac output was attributed to a decreased 
heart rate secondary to the improvement in the 
inflammatory disease. No studies have been re- 
ported, to our knowledge, on the effect of corti- 
sone on other high output states. We have ob- 
served one patient with diffuse pulmonary 
cryptococcosis who had chronic severe hypoxia. 
Despite cortisone therapy, which the patient was 
receiving at the time of cardiac catheterization, 
cardiac output was markedly elevated. 

The mechanism whereby cortisone therapy 
produces this dramatic effect on cardiac output 
in Paget's disease was not elucidated by these 
studies. If one accepts the fact that the increased 
cardiac output in Paget’s disease is due to in- 
creased flow through involved bone, and further 
that this results from formation of numerous 
arteriovenous Communications, it becomes nec- 
essary to explain how cortisone can, in effect, 
obliterate enough of these channels to result in a 
decrease in cardiac output. The anti-inflamma- 
tory effect of these agents is well documented, 
but the lesions in Paget's disease are not clearly 
of an inflammatory nature. In our cases biopsies 
of the skull before and during therapy have not 
clearly demonstrated changes in vascularity. The 
paucity of information on the general circulatory 
effects of such high doses of cortisone in normals 
and other high output states also adds to the dil- 
ficulty in interpreting our data. This question 
of the mechanism by which cortisone reduces 
cardiac output in Paget’s disease is therefore left 
open. Reliable determinations of regional flows 
and resistances of involved areas before and 
after therapy would narrow this problem, but 
methodology in this field to date is still quite 
inadequate. 


SUMMARY 


1. Observations on the cardiac output have 
been made in six patients with extensive Paget's 
disease before and during treatment with large 
doses of cortisone. 

2. In all cases, cardiac output was elevated 
before treatment. High doses of cortisone for a 
sufficient duration, more than three days and 
less than nine days, produced a pronounced fall 
to normal levels. Serum alkaline phosphatase 
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levels changed in the same direction as the 
cardiac output. 


3. Cortisone had no consistent effect on oxy- 


gen consumption, large vessel hematocrit, total 
blood volume, pulse pressure or mean arterial 
pressure. Cortisone therapy resulted in a pro- 
nounced drop in pulse rate in three of the six 
patients studied. 


4. The mechanism through which cortisone 


exerts its effect on cardiac output in Paget's 
disease was not elucidated by these studies. 


6. 
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Essential Hyperlipemia’ 


Report of Four Cases, with Special Reference to Abdominal Crises 


Leo J. Corazza, M.D. and RALPH M. MYERSON. M.D. 


Philadelphia, Pennsylvania 


YPERLIPEMIA is a Clinical state characterized 

by an increase in the neutral fat fraction of 

the blood lipids. When this increase is of suffi- 

cient degree, the serum has a grossly milky or 
chylous appearance. 

Three types of hyperlipemia are recognized. 
Alimentary hyperlipemia is a physiologic phe- 
nomenon, the neutral fat content of the blood 
reaching a peak four to six hours after ingestion 
of a fat-rich meal. It is unaccompanied by an 
increase in serum cholesterol or phospholipids. 
Secondary hyperlipemia has been described 
in diabetes mellitus, the nephrotic stage of 
chronic glomerulonephritis, pancreatitis, myx- 
edema, starvation, von Gierke’s disease, Nie- 
mann-Pick disease, amyloidosis, renal vein 
thrombosis and toxic hepatoses. In essential 
hyperlipemia there is no apparent cause for the 
hyperlipemia. A familial tendency has been 
noted and a genetic factor postulated. The 
experiments of Thannhauser and Stanley with 
iodine-labelled fat suggest that defective 
removal of fat from the blood is an important 
factor in patients with essential hyperlipemia. 
They found that the disappearance of the 
labelled fat was considerably prolonged in such 
patients as compared with normal individuals. 


In essential hyperlipemia there is often a con-. 


comitant but less marked rise in serum cholesterol 
and phospholipid concentration. Ultracentrif- 
ugal lipoprotein patterns show characteristic 
marked elevations of the low-density lipoprotein 
classes. Transient glycosuria and elevations of 
the blood sugar levels have been described. 

Approximately sixty-five cases of essential 
hyperlipemia have been recorded;*~* males have 
predominated. To date the disorder has been re- 
ported in only two Negroes.*!° It may occur at 
all ages, from infancy to old age. 

Clinically, essential hyperlipemia is char- 
acterized typically by recurrent abdominal 


pain, hepatosplenomegaly, cutaneous xantho- 
matosis and lipemia retinalis. Secondary hyper- 
splenism, relieved by splenectomy, has been 
reported in one case.'' Any or all of the typical 
manifestations may be absent. The diagnosis is 
frequently made by the accidental discovery of a 
milky serum. 

Abdominal pain has been a prominent com- 
plaint in over half of the reported cases. The pain 
varies considerably in severity, location and fre- 
quency. It may be accompanied by fever, 
leukocytosis and increased sedimentation rate. In 
three of four cases of essential hyperlipemia 
observed by the authors, abdominal pain was a 
presenting complaint and the findings closely 
simulated those of an acute surgical emergency. 


CASE REPORTS 


Case 1. C. C., a thirty-nine year old Negro man, 
was admitted to the Veterans Administration Hospital, 
Philadelphia, on March 11, 1954, with the chief com- 
plaints of abdominal pain, nausea and vomiting. The 
patient gave a history of recurrent attacks of ab- 
dominal pain since childhood and had been hospital- 
ized repeatedly. The pain was epigastric, severe, and 
seemed to be precipitated by overeating. On at least 
two previous hospitalizations lipemic serum, transient 
glycosuria and hyperglycemia had been noted. The 
diagnosis of chronic relapsing pancreatitis had been 
made but at no time had there been any elevation of 
urinary diastase or increased serum levels of lipase or 
amylase. The past history was non-contributory and 
the family history was not remarkable. 

Physical examination revealed moderate epigastric 
tenderness and spasm. The liver and spleen were not 
palpable. The skin was clear. Temperature, pulse and 
blood pressure were within normal limits. 

Laboratory studies revealed an initial leukocyte 
count of 24,000 per cu. mm. with 74 per cent neutro- 
phils, 10 per cent juvenile neutrophils and 16 per 
cent lymphocytes; the hemoglobin was 11.5 gm. per 
100 ml. and the hematocrit 32 per cent. Moderate 
glycosuria was present. The serum was consistently 


* From the Medical Service, Veterans Administration Hospital, Philadelphia, Pennsylvania. 
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TABLE | 
SERUM LIPID STUDIES 
CHOLESTEROL PHOSPHO-| FATTY ACIOS | NEUT. LIPEMIA\ REMARKS 
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4-17-56 375 198 | 53 390 | B0l\ 132 | 260 |409| 430 | 1327 | ++ _|LFD*-28 Doys 
AS. 225-49\| 347 | 235 | 68 335 |2106| 57 | 257 1781 | 2620 | 
Fat Diet 


milky. The blood sugar was 238 mg. per 100 ml. Blood 
urea nitrogen, CO, combining power, sodium, 
potassium and chloride were within normal limits. 
The serum amylase was 78 units, serum lipase 0.3 
units. Tests of renal and hepatic function were normal. 
There was no evidence of porphyria. Sickle cell prep- 
arations were negative. Serum lipid studies are shown 
in Table 1. Roentgenographic studies of the chest, gall 
bladder and upper gastrointestinal tract, and an intra- 
venous urogram were within normal limits. There was 
no evidence of calcification of the pancreas. A biopsy 
of the liver was reported as within normal limits. 
The patient was given a diet containing 20 gm. of 
fat. Glycosuria disappeared promptly, alihough a 
diabetic glucose tolerance curve remained. (Fig. 1.) 
There was a perceptible decrease in serum turbidity, 
and serum lipid studies eleven days after initiation of 


GLUCOSE TOLERANCE TESTS 
of four essential hyperlipemia patients 
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the low fat regimen showed a marked decrease in all / Case 3, MP 
components. The patient has been followed twenty- 120- Cose 9, AS. 
one months and has had no further episodes of ab- of 
dominal distress since the low fat diet was instituted. 

Case u. M. K., a thirty-eight year old white man, 
was admitted to the Philadelphia Veterans Adminis- Time in minutes 
tration Hospital on December 12, 1955, with a chief Fic. 1. 


complaint of abdominal pain and vomiting of one 
day's duration. The patient had experienced recur- 
rent bouts of abdominal pain since 1943. The pain was 
described as generalized but most severe in the left 
upper quadrant and usually accompanied by vomit- 
ing. In 1952 and 1953 exploratory laparotomies had 
been performed but no definite abnormality was 
found. The pancreas was described as grossly “‘fi- 
brotic” at the time of the second operation. Following 
the first operation the patient experienced a typical 
attack of gout involving the first metatarsophalangeal 
joints and accompanied by an elevation of the 
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serum uric acid level. The presenting episode of 
abdominal pain began the day prior to admission and 
was accompanied by severe vomiting and a grand mal 
convulsion. There was no history of gastrointestinal 
bleeding and there were no symptoms referable to the 
genitourinary tract. The family history was negative. 

Physical examination revealed a well developed and 
nourished young adult white man who appeared to 
be in acute distress. His temperature was 99.4°r., pulse 
88 per minute and blood pressure 140/100. The posi- 
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lic. 2. Case mt. Milky appearance of patient's serum. 


tive physical findings were confined to the abdomen. 
There were two well healed surgical scars. Tenderness 
was present in the left upper quadrant and left flank. 
There was no spasm or rebound tenderness and no 
organs were palpable. 

Laboratory studies on admission revealed a normal 
hemogram and urinalysis. The serum had a milky 
appearance during the first five days of hospital- 
ization. The results of serum lipid studies are shown in 
Table 1. Serum amylase and lipase studies were within 
normal limits. The serum uric acid was 6.5 mg. per 
100 ml. Tests of renal and hepatic function and a 
spinal fluid examination were within normal limits. A 
glucose tolerance test performed eleven days after 
admission revealed a diabetic type of curve. (Fig. 1.) 
No glycosuria was present. An electroencephalo- 
gram and electrocardiogram revealed no abnormali- 
ties. Roentgenographic studies of the chest, abdomen, 
upper gastrointestinal tract, gall bladder and skull, 
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and an intravenous urogram were within normal 
limits. 

The patient was placed on a low fat regimen, his 
symptoms subsided promptly and have not recurred 
on this program. Six weeks after initiation of a low fat 
diet the patient's serum was clear and the blood lipid 
concentrations were at the upper limits of normal. 
(Table 1.) 


Case m. M. P., a forty-six vear old white man, 
was admitted to the Veterans Administration Hospi- 
tal, Philadelphia on December 15, 1955, with the 
chief complaints of abdominal pain, nausea and 
vomiting of three months’ duration. Initially, the 
symptoms were intermittent and occurred only in the 
morning. The pain gradually increased in frequency, 
duration and severity, and three days prior to admis- 
sion became continuous and very severe. The pain was 
generalized and did not radiate. The past history and 
family history were not significant. 

Physical examination revealed a moderately obese 
nian who appeared acutely ill. There was diffuse 
abdominal tenderness, but no spasm or rebound 
tenderness, Peristalsis appeared to be normal. The 
liver and spleen could not be felt. The remainder 
of the examination was within normal limits. Fundu- 
scopic ¢xamination was negative; the skin was clear. 

Laboratory studies revealed a normal hemogram. 
The serum was persistently milky in appearance. 
(Fig. 2.) Urinalvsis, fasting blood sugar, blood urea 
nitrogen, serologic tests and liver function studies were 
within normal limits. Roentgenographic studies of the 
chest, gall bladder and upper gastrointestinal tract, 
and an electrocardiogram were not remarkable. Blood 
lipid studies are listed in Table 1. A diabetic type of 
glucose tolerance test was present but there was no 
glycosuria. (Fig. 1.) 

Following institution of a low fat diet his symptoms 
improved and within the next few weeks there was a 
perceptible decrease in the turbidity of the patient's 
serum. Repeat lipid studies showed a marked decrease 
in all fractions. (Fig. 1.) A biopsy of the liver showed 
a moderate amount of fatty infiltration. No lipoidal 
cells could be seen. The patient has remained essen- 
tially asymptomatic on a low fat intake. Attempts to 
provoke an attack with a high fat diet have been 
unsuccessful. 


Casetv. A.S., a twenty-cight year old white man, 
was admitted to the Veterans Administration Hos;- 
tal, Wilmington on January 27, 1949. He gave a his- 
tory of recurrent attacks of acute low back pain radi- 
ating down both legs. One year prior to admission the 
patient was told he had a “‘little sugar in his urine.” 
The past history was otherwise negative and the family 
history was not remarkable. 

Physical examination was within normal limits. The 
liver and spleen were not enlarged and the skin was 
clear. The hemogram, urinalysis and tests of renal and 
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hepatic function were within normal limits. Lipemic 
scrum was present on all occasions. The results 
of serum lipid partitions are shown on Table 1. 
Roentgenograms of the chest, cholecystogram, intra- 
venous urogram and electrocardiogram were within 
normal limits. The results of a glucose tolerance test 
are shown in Figure 1. The patient was given a dict 
containing 20 gm. of fat and has remained asympto- 
matic. No follow-up studies have been obtained. 


COMMENTS 


The cause of abdominal pain in essential 
hyperlipemia is obscure. Sudden enlargement of 
the liver and spleen coincident with an ab- 
dominal crisis occurred in an eleven year old 
female patient studied by Holt and his asso- 
ciates.'? Attacks occurred when the serum lipid 
level reached or exceeded “eight per cent,” and 
it was postulated that sudden accumulation of 
fat in the liver and spleen produced engorgement 
and pain. This patient has been followed for 
nineteen years and has continued to have numer- 
ous attacks of abdominal pain. Unlike the 
episodes occurring during childhood, the attacks 
in adults have not been preceded by a rise 
in serum lipids or accompanied by enlargement 
of the liver and spleen. Others have noted that 
hepatosplenomegaly is less frequent in adults 
with essential hyperlipemia than in children.*:'* 
Hepatosplenomegaly was absent in the four pa- 
tients presented. 

There are striking similarities between the 
abdominal crisis of essential hyperlipemia and 
the syndrome of relapsing pancreatitis. The ob- 
servations of Poulsen'® and the extensive studies 
of Klatskin and Gordon‘ indicate that when 
relapsing pancreatitis and essential hyper- 
lipemia occur together, pancreatitis is the result 
rather than the cause of hyperlipemia. Further 
evidence of this relationship is presented in 
other cases of pancreatitis and essential hyper- 
lipemia in which xanthomatosis has appeared 
before the onset of abdominal pain.'*~*° 

It is possible, but unlikely, that hyperlipemia 
may produce abdominal pain by producing 
xanthomatous or atherosclerotic lesions in the 
pancreas and other viscera. Klatskin and Gordon 
suggested that the abdominal crisis of essential 
hyperlipemia may be due to embolization of 
agglutinated serum lipid particles of the pancreas 
and liver.‘ The epileptiform seizure experienced 
by patient M. K. suggests the possibility of a 
similar cerebral process. Transient neurologic 
findings have been described in other cases.'**' 
Direct proof of any mechanism for the pro- 
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duction of pain is lacking. Not all patients with 
essential hyperlipemia develop abdominal pain, 
as in the case of patient A. S., and in those 
patients with pancreatitis there may be long 
symptom-free periods despite the persistence of 
hyperlipemia. 

Tissue studies have been limited. Biopsies of 
liver and bone marrow have demonstrated lipoid- 
containing cells in some cases.’:**~** Chapman 
and Kinney reported the postmortem findings in 
a twenty-one month old infant with essential 
hyperlipemia.*® Many fat-containing cells were 
scattered throughout the spleen, marrow and 
lymph nodes. The liver, pancreas and other 
viscera were normal. As far as can be deter- 
mined, an abdominal crisis prior to death did 
not occur in this infant. In patients with essential 
hyperlipemia without pancreatitis, exploratory 
laparotomy has been essentially negative.**° 
Chylous ascites and a retroperitoneal mass were 
found in Holt’s patient but the pancreas is said 
to have been normal.'* 

It has been shown by many observers that a 
low fat diet can control, to some extent at least, 
the degree of hyperlipemia and the abdominal 
crises. A rapid decrease in the lipoidal cells in 
the liver and bone marrow has been produced by 
such a diet.** Intravenous heparin usually pro- 
duces a prompt and perceptible decrease in 
serum turbidity in essential hyperlipemia and an 
absolute decrease in fat content. A shift toward 
lipoproteins of higher density has been re- 
ported.*~***-*" Recently Hollister and Kanter 
reported similar results with chlorpromazine, 
possibly mediated by its adrenolytic activity.*’ 
Their patient remained free of pain during peri- 
ods of heparin or chlorpromazine administration 
and relapsed when given a placebo. 

Klatskin and Gordon reported that the admin- 
istration of corticotropin to a patient during a 
period of fat restriction resulted in a marked 
increase in the turbidity of the serum without, 
however, provoking abdominal pain.* There was 
a relatively small increase in the total fatty acid 
content of the blood, suggesting that cortico- 
tropin may have produced turbidity by altering 
the physical state of the serum lipids. A similar 
suggestion has been made by Adlersberg and his 
associates.*” Rich and his co-workers noticed a 
rise in serum lipids and the development of 
milky serum in rabbits given cortisone.*' 

Seifter and Baeder have recently isolated 
a lipid-mobilizing factor from a dialysate of 
human and animal plasma. Injections of this 
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lipid-mobilizing factor in animals resulted 
in mobilization of body fat with consequent 
marked increase in plasma lipids.** Steiger and 
his associates administered to human  sub- 
jects a lipid-mobilizing factor, prepared from the 
plasma of cortisone-treated horses, and con- 
firmed its potent hyperlipemic effect. In human 
patients the lipid-mobilizing factor caused an 
increase in the serum cholesterol, phospholipids 
and neutral fats, a pattern similar to the one 
usually seen in essential hyperlipemia. No toxic 
effects or abdominal pain were noted in any 
patients. 

The observations made on essential hyper- 
lipemia suggest that it may be the result of (1) a 
basic defect in the normal lipemia-clearing 
mechanism, (2) a constitutional overresponsive- 
ness of the fat depots to the normal fat-mobilizing 
stimuli, or (3) the presence of an abnormal fat- 
mobilizing stimulus. 


SUMMARY 


Four cases of essential hyperlipemia have 
been presented. In three of the four patients the 
presenting complaint was severe abdominal 
pain, suggesting the presence of a surgical 
emergency. 

Serum lipid partition studies revealed a 
marked increase in all of the lipid constituents, 
especially neutral fat. Three of the four patients 
who have been followed have demonstrated im- 
provement on a low fat regimen. All four patients 
have moderate impairment of glucose tolerance. 

The mechanisms responsible for essential 
hyperlipemia and the production of abdominal 
pain in this disorder have been discussed. 
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The Use of ACTH, Cortisone, 
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Chicago, Illinois 


HE role of corticotropin, cortisone and re- 

lated compounds in the treatment of ulcera- 
tive colitis has been studied frequently in the past 
five years; the literature, comprising chiefly case 
reports and small groups of patients, has been re- 
viewed elsewhere [7}. Our experience with 
ACTH and adrenal steroids dates to January 
1950; early results, recorded in 1951 [2] and 
1954 [7], indicated a generally beneficial re- 
sponse. Truelove and Witts [3] and Maltby et 
al. [4| also have published favorable studies 
recently. The present paper, summarizing ob- 
servations on the course of 180 patients with 
ulcerative colitis treated with ACTH, cortisone, 
hydrocortisone, prednisone and_ prednisolone 
during a period of six years, presents further 
evidence that these compounds are useful 
adjuncts in the management of this serious 
disease. 


PATIENTS STUDIED 


General Observations. ‘The series includes 
ninety-three men and eighty-seven women. The 
majority were between the ages of twenty and 
forty. The duration of symptoms ranged from 
one month to thirty years; it was less than twelve 
months in fifty-three patients; one to five years 
in fifty-five; five to fifteen in fifty-four; fifteen to 
twenty years in eleven; and more than twenty 


years in seven individuals. Frequent and pro- 
longed hospitalization had been necessary in 
many cases; colectomy and ileostomy had been 
recommended elsewhere in at least forty-four 
patients. The colon was examined radiolog- 
ically in 165 patients; the entire colon was 
involved in sixty-eight; varying portions of the 
bowel were affected in sixty-eight; the colon 
appeared normal by x-ray in twenty-nine per- 
sons (lable 1); characteristic proctoscopic 
changes were noted in the latter group. Moder- 
ately severe or severe inflammation of the bowel 
wall, with edema, granularity, friability and 
bloody fluid in the rectum was observed at 
proctoscopy in 147 patients (Table u); char- 
acteristic roentgen evidence of the disease proxi- 
mal to the rectosigmoid was noted in thirty-three 
individuals with minimal or no change procto- 
scopically. Complications, frequently multiple, 
developed in 128 patients. (Table m). The sever- 
ity of the colitis was classified as mild in fourteen 
patients, moderately severe in eighty-three and 
severe in eighty-three persons. Emotional dif- 
ficulties, often severe and complicated, were 
recognized in most patients. 

Previous Laboratory Findings: The feces con- 
sistently were negative for pathogenic bacteria 
and parasites. X-rays of the chest were normal. 
In the patients tested the following procedures 


* From the Department of Medicine, University of Chicago, Chicago, Illinois. This study was supported in part 
by the Wallach Fund for Gastrointestinal Research (University of Chicago). The corticotropin was provided gener- 
ously by the Wilson Company, Chicago, Ill.; cortisone by Merck and Co., Rahway, N. J.; hydrocortisone by the 
Upjohn Co., Kalamazoo, Mich.; and prednisone and prednisolone by the Schering Corp., Bloomfield, N. J. It was 
presented in part at the Pan American Congress of Gastroenterology, Havana, Cuba, January 1956. 

+t United States Public Health Service Research Fellow, National Cancer Institute. 
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also were negative: skin tests for lymphopathia 
venereum, histoplasmosis and coccidiodomycosis, 
serum agglutinins against enteric pathogens, 
oral glucose tolerance test, serum calcium and 
phosphorus, basal metabolism, gastric secretion 
and tests for L. E. cells. The total plasma pro- 


TABLE 1 
EXTENT OF ULCERATIVE COLITIS (RADIOLOGIC) 


Clinical Severity 


X-Ray Extent Total 
Patients 
Mild Moderate Severe 

Lnture colon 0 23 45 68 
Left colon 4 18 10 32 
Left and trans- 

verse colon 0 10 7 7 
Segmental... 3 6 2 11 
L.nterocolitis 7 
Normal 6 19 4 29 
Not examined 6 15 

Total patients 14 83 83 180) 


TasLe u 
SEVERITY OF ULCERATIVE COLITIS (PROCTOSCOPIC) 


Clinical Severity 


Proctoscopic Total 
bindings Patients 
Mild Moderate Severe 
Severe 28 45 73 
Moderate 6 40 28 74 
Mild | x 11 5 24 
Normal | 0 4 5 9 
Total patients 14 83 83 180 


teins were reduced in thirty-two patients; how- 
ever, the values for plasma globulin not infre- 
quently were elevated. 


METHOD OF STUDY 


The method of study was the same as that employed 
in the first forty patients [2], except for the omission of 
placebo controls; fecal outputs were not recorded and 
eosinophil counts were not made routinely. All pa- 
tients, except for those few with new, fulminant dis- 
ease, had been under prolonged observation and the 
previous course of their illness was known. The 
response to medical treatment had been unsatisfactory 
or the disease had recurred after earlier improvement. 
The original forty patients received ACTH or corti- 
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sone in addition to a bland diet and occasionally 
sedatives. Treatment in the remaining 140 patients 
also included antispasmodics, vitamins, opiates when 
necessary, and sulfonamides, usually sulfaguanidine 
8.0 gm. per day; sulfathalidine® and azulfidine 4.0 
to 6.0 gm., sulfadiazine and gantrisin® 2.0 to 4.0 gm. 


Taste 
COMPLICATIONS PRIOR TO ACTH OR STEROID THERAPY 
128 patients (52 WITHOUT COMPLICATIONS) 


Anemia, hemorrhag 
35 
Hypoproteinemia.._.. 
Rectal fistula or abscess | . 18 
Thrombophilebitis. . 
Erythema nodosum. . 
[ritis, iridocyclitis. . 
Pyoderma...... 
Perforation... .. 2 
Carcinoma .. 


daily, also were prescribed in some instances. Peni- 
cillin and streptomycin were administered to patients 
with fever and toxemia or with clinical evidence sug- 
gesting pericolitis. The intake of salt was limited 
chiefly in those patients receiving large doses of 
ACTH; mercurial diuretics were administered 
occasionally. Potassium salts were not prescribed 
routinely because of their tendency to increase diar- 
rhea but were administered in selected cases, pref- 
erably intravenously. Therapy usually was instituted 
in the hospital; a few individuals were treated in the 
outpatient department only. 

Corticotropin, aqueous, the drug of choice in most 
instances, was prescribed initially in doses of 30 
units intramuscularly every six hours. In critical 
situations the corticotropin was administered in- 
travenously in 5 per cent dextrose and water in 
quantities of 20 to 40 units over a twenty-four-hour 
period. ACTH gel was utilized exclusively as main- 
tenance therapy. Hydrocortisone was prescribed 
initially in quantities of 200 mg. daily by mouth in 
four divided doses; the intravenous dosage was 100 
mg. per twenty-four hours. Cortisone was administered 
orally in total daily amounts of 200 to 300 mg. Our 
early experience with prednisone and prednisolone 
was limited and initial daily doses were only 20 to 40 
mg.; subsequently, the effective dose was established 
as 60 to 100 mg.; there appeared to be no differences 
between the two compounds and they are discussed 
as one. 

With subsidence of symptoms, dosages were reduced 
by decrements of 10 to 25 per cent, at intervals of one 
to two weeks during hospitalization and later every 
three to six weeks or longer, depending upon the 
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individual response. Many patients, treated initially 
with ACTH, were transferred, as the time of discharge 
from the hospital approached, to oral steroids, and the 
corticotropin was withdrawn gradually. 

ACTH was prescribed in 145 patients; in fifty-nine 
it was the only corticoid employed; hydrocortisone 


TABLE IV 
rOTAL DURATION OF ACTH OR STEROID THERAPY IN 
INDIVIDUAL PATIENTS 


H Predni- 
weg Corti- lon 
Months ACTH corti- 
sone Predni- 
sone | 
sone 
<4 104 30 28 | 19 
4-8 27 27 9 3 
8-12 4 12 6 0 
12-24 6 6 7 0 
24-36 3 0 4 0 
36-48 | 0 1 0 
Total patients 145 75 55 22 
TABLE V 


TOTAL AMOUNTS OF ACTH AND ADRENAL STEROIDS IN 
INDIVIDUAL PATIENTS 


| Hydro- Predni- 

Units sone Predni- 

sone | | 

i | | solone 
15-30 8 15-30 0 
30-60 3} 30-60 4 0) 
60-100 2 60-100 0 1 0 

Total 

patients) 145 [| ...... 75 55 22 


was given to seventy-five patients and in twenty was © 


the lone steroid; cortisone was administered in fifty- 
five patients and in six was used alone. Prednisone 
and prednisolone were prescribed in twenty-two 
patients; all except one had received other corticoids. 
The total dosages and duration of therapy are sum- 
marized in Tables tv and v. 


RESULTS 


Initial Results. The initial clinical response 
to ACTH was judged as good in ninety-three 
patients, moderately favorable in twenty-six 
and slight or nil in fifteen; thus, 119 of the 134 


patients treated initially with ACTH improved 
significantly during treatment. (Table vi.) The 
beneficial effect was characterized by prompt 
disappearance of fever, tachycardia, abdominal 
distress and blood in the feces; more gradual 
improvement in the consistency of the stools and 


TABLE VI 
RESPONSE DURING INITIAL COURSE OF ACTH OR STEROID 
THERAPY 
Steroid Response fo tal Per cent 
Patients 
ACTH Good 93 70 
Moderate 26 19 
Slightornil 15 11 
Cortisone (sood 5 36 
Moderate 5 36 
Slight or nil 4 28 
Hydrocortisone Good 14 4% 
Moderate 10 33 
Slight or nil 5 19 
Prednisone, (;ood 
Prednisolone Moderate 1 33 
Slight or nil 2 67 


TABLE vu 
RESPONSE DURING INITIAL COURSE OF ACTH OR STEROID 
THERAPY—-OVER-ALL RESULTS 


Clinical Severity 


Total Per 


Response Mod Patients cent 
Mild; | Severe 
ate 
12 48 52 112 62 
Moderate. . . 1 25 16 42 23 
Slight or nil 1 10 15 26° , 15 
Total 


patients... 14 83 83 180 


* Of this group ten patients later responded favorably 
to aqueous corticotropin. 


reduction in number of bowel movements: 
increase in appetite and a sense of well being. 
There was no absolute correlation chronologi- 
cally or in degree between the emotional upsurge 
and the status of the colitis; some patients not 
responding clinically also reported a sense of 
well-being. The proctoscopic appearance of the 
bowel improved significantly in the majority of 
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patients, but more slowly than the symptoms. 
The response to hydrocortisone and cortisone 
was satisfactory in the majority of patients 
treated (Table v1) but the effects were less strik- 
ing and more gradual than those observed with 
ACTH; hydrocortisone was more effective than 


Taste vi 
RESPONSE DURING SUBSEQUENT COURSES OF ACTH OR 
STEROID THERAPY 
(148 courses IN 91 PATIENTS) 


Steroid Response Total Patients 
\CTH Good 33 
Moderate 22 
Slight or nil 13 
Cortisone Good 6 
Moderate 14 
Slight or nil 6 
Hydrocortisone Good 16 
Moderate 21 
Slight or nil 
Prednisone, Prednisolone Good 4 
Moderate 3 
Slight or nil | 2 
Over-all response (;ood 59 (40%) 
Moderate 60 (41%) 
Slight or nil 29 (19%) 
TABLE IX 


DURATION OF OBSERVATION AFTER TERMINATIGN OF 
STEROID THERAPY 
(To October 1, 1955) 


Months Patients 
12-24. . 22 
24-36. 
36-48 | 19 
48-60. 
| 8 


cortisone. Of the twenty-six patients not respond- 
ing to initial therapy with ACTH gel, hydro- 
cortisone or cortisone, ten improved significantly 
when given aqueous corticotropin; hence these 
ten are grouped with the 154 patients initially 
responding favorably, a total of 164 favorable 
responses. Prednisone and prednisolone initially 
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were prescribed in relatively small amounts in 
three patients, with disappointing results. Subse- 
quently, fifteen other patients, each of whom 
had received corticotherapy previously, were 
treated effectively with larger amounts (60 to 
100 mg.). As might be expected, the trend of the 


TABLE X 
DURATION OF CONTINUING MAINTENANCE THERAPY 
(To October 1, 1955) 


Months Patients 


response to therapy suggests slightly more favor- 
able results in patients with mild or moderate 
disease than in the instances of severe ulcerative 
colitis. (Table vu.) 

Recurrences in ninety-one patients required 
148 repeated courses of corticoid therapy. Al- 
though the immediate response usually was 
satisfactory, the improvement tended to be less 
striking than that accompanying the first course 
of therapy; thus, “good results’? decreased from 
62 per cent during initial courses of therapy to 40 
per cent in subsequent courses. (Table vm.) 

Late Results. ‘The period of observation after 
completion of therapy ranges from one to 
sixty-seven months. Forty-one patients have been 
followed up less than one year; twenty-two for 
one to two years; and fifty-nine for more than 
two years (Table rx); forty-eight patients con- 
tinue therapy. (Table x.) Of the 164 patients 
responding satisfactorily, ninety-two have ex- 
perienced recurrences thus far; thirty-two oc- 
curred within the first three months; in fact, 
twelve patients experienced an immediate 
exacerbation, suggesting premature withdrawal 
of the drug. In another thirty-two patients, 
symptoms returned within a year, and in the 
remaining twenty-eight, at intervals up to five 
years. (Table x1.) Relapses during maintenance 
therapy in twenty-three patients usually oc- 
curred at relatively low dosage levels, implying 
persistent active colitis suppressed by a high 
steroid level, with clinical escape when the 
concentration of steroids decreased below the 
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necessary threshold. (Table xu.) Of the 164 pa- 
tients responding to ACTH, cortisone, hydro- 
cortisone and the newer analogues, initially or 
during subsequent courses, 115 (70 per cent) 
experienced recurrences. Of these recurrences or 
relapses, seventy-five subsided when retreated 


TABLE XI 
RECURRENCES AFTER STEROID THERAPY 


After 
After lotal 
Subse- 
Months First Recur- 
quent 
(‘ourse rences 
Courses 
32 18 50 
3-12 32 16 48 
12-24 19 7 26 
24-36 4 0) 4 
36-48 3 0) 3 
48-60 2 0) 2 
Total recurrences 9? 41 133 
TABLE XI 
RELAPSES DURING STEROID THERAPY 
After 
After 
Subse- lotal 
Months First 
quent Relapses 
(Course 
Courses 
< 5 7 6 13 
3-12 11 11 22 
12-24 3 2 5 
24-36 2 0 2 
Total relapses 23 19 42 


with corticoids; twenty-four underwent remis- 
sion with conventional medical therapy; active 
disease has persisted in nine cases despite all 
forms of medical treatment; five required 
operations and two died. (Table xi.) Multiple 
recurrences, totalling sixty in number, have 
been observed in forty-six patients; many im- 
proved during succeeding courses of cortico- 
therapy but the degree of responsiveness 
frequently diminished. 

Remissions have continued in twenty-seven 
patients since their first successful course of corti- 
coids; nineteen of these have remained well for 
a year or more. Nine additional patients have 
been in remission since a second course of 
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therapy; five have been well since a third or 
fourth course of therapy, but the period of 
observation in these cases is brief. (Table x1v.) 
Numerous additional patients, experiencing 
mild recurrences shortly after treatment, have 
been managed satisfactorily by conservative 


TABLE XIII 
COURSE OF RECURRENCES 


After After 
Patient’s Status First Subsequent 
3 Course Courses 
Required ACTH or steroids. . . 75 36 
Subsided on medical therapy. . 24 6 
Continued activity. . . 9 7 
Required surgery. . . 5 10 
Total recurrences. . | 115 60) 


(46 patients) 


TABLE XIV 
REMISSIONS AFTER STEROID THERAPY 


Att 
After lotal 
Months First Remis- 
sequent 
(Course C sions 
Jourses 
<3 4 4 
3-12 4 2 6 
12-24 6 3 9 
24-36 5 6 
36-48 2 3 5 
48-60 6 ] 7 
Total remissions 27 14 41 


measures without corticoids for relatively long 
periods. 

Forty-four patients in remission are leading 
useful lives, taking small regular doses of ACTH 
intramuscularly or steroids orally (Table xv): 
in four such patients the symptoms are controlled 
only partially. 


PRESENT STATUS 


The current clinical status appears te be excel- 
lent in thirty-seven patients; seventy-six are 
much improved, leading useful lives, although 
not entirely well; included in this group are the 
forty-four patients reéeiving maintenance 
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therapy. Of the 180 patients, thirty-five are 
classified as therapeutic failures, although nine- 
teen of them live useful lives. Definitive surgery 
was necessary in seventeen patients, with good 
to fair results in all except one, who died of 
electrolyte imbalance elsewhere two years 


TABLE XV 
REMISSIONS TO DATE--STEROID THERAPY MAINTAINED 


| 


During Total 
Months  Remis- 
| sequent 
Course sions 
<2 2 7 9 
3-12 11 15 26 
12-24 0) 4 4 
24-36 4 0 4 
36-48 0 
Total remissions 18 26 44. 
TABLE XVI 
PRESENT STATUS 
Partial recovery: course improved. .......... 76 
Course unchanged following therapy.......... 36* 
16 


* Nineteen lead useful lives. 


postoperatively. Twelve patients including this 
one are dead; four are lost to follow-up. (Table 
XVI.) 


COMPLICATIONS 


Manifestations of hypercorticism, character- 
ized most often by rounding of the face and 
acne, less frequently by hypertrichosis, striae 
and buffalo obesity, were prominent in 137 
patients and minimal in forty-three. (Table 
xvu.) These changes were troublesome only in 
a few of the younger female patients who refused 
to continue ACTH therapy because of the tem- 
porary disfigurement. Edema occurred in 125 
patients; it was controlled usually by salt 
restriction, occasionally by mercurial diuretics. 
Hypertension, noted in forty-one patients, did 
not present a difficult problem. Corticotherapy 
was discontinued only rarely because of side 
effects; however, if these changes were pro- 
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nounced before clinical improvement had oc- 
curred, a poor therapeutic result could be 
anticipated. 

Alkalosis developed in ninety-five patients; the 
serum CQO, in fifty-nine ranged from 30 to 35 
mEq./L.; in twelve patients it exceeded forty 


TABLE XVI 
SIDE EFFECTS 


Cushing-like changes: 


Minimal....... 43 
Electrolyte disturbances: 
Carbohydrate metabolic disturbances: : 


mEq./L. Hypokalemia was observed in forty- 
three patients. In twenty-five patients the serum 
potassium ranged from 3.0 to 3.5 mEq./L.; in 
eighteen it was less than 3.0 mEq./L. The chemi- 
cal aberrations were corrected by decreasing 
the dosage or by complete withdrawal of corti- 
cotherapy, intravenous infusion of potassium 
chloride or, less frequently, by oral administra- 
tion of potassium salts. 

Hyperglycemia was noted in twenty-four 
patients, glycosuria in twenty-six. In four known 
diabetic patients the insulin requirements rose 
substantially; in three non-diabetic patients 
insulin was necessary temporarily but not after 
the termination of therapy. Leukocytosis was 
observed in eighty patients at some time during 
treatment; in fourteen, the white count exceeded 
20,000 cells per cu. mm. 

Adverse emotional changes were noted fre- 
quently, including severe depression and manic 
behavior; ten patients actually became psy- 
chotic. Two individuals committed suicide dur- 
ing ACTH therapy; a suicidal attempt by a third 
patient was unsuccessful. The emotional dis- 
turbances usually were temporary, subsiding 
upon reduction of dose or termination of 
therapy. Severe infections complicated treat- 
ment in five cases: severe pneumonitis, two; 
septicemia, two; tuberculosis in one patient, 
responding rapidly to appropriate therapy. 
Four patients were considered to have delayed 
wound healing following surgery. All were 
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malnourished as a result of prolonged, severe 
illness and had been on prolonged steroid 
therapy. In nine patients hypersensitivity to 
ACTH developed, which was manifested princi- 
pally by urticaria; other symptoms included 
generalized pruritus, erythema, severe head- 


TABLE XVIII 
TYPES OF OPERATIONS 


Type of Operation Number 
Total colectomy-ileostomy: 
Partial colectomy-end to end anastomosis. ...... 2 
Partial colectomy-ileostomy................. 
Partial colectomy-ileo-transverse colostomy...... 1 


Ileo-transverse colostomy (side-tracking procedure) 1 


TABLE XIX 
INDICATIONS FOR OPERATION 


Indication Number 
Fulminating course plus hemorrhage’. . . 
Fulminating course*.......... 
Severe prolonged activity*..... 


Recurrent activity*....... 
Recurrent iridocyclitis*........ 
Progressive rheumatoid arthritis”. 
Mass right lower quadrant... . 
........... 


* Poor initial response or decreasing response to re- 
peated courses of corticoid therapy. 


ache and tinnitus. Skin reactions were positive 
to both the Wilson and Armour preparations in 
the five cases tested; allergy has not been en- 
countered in the past three years. An active 
peptic ulcer was observed in only one patient, 
although at least nine of the series had a history 
of peptic ulcer and a deformed duodenal bulb at 
x-ray; in the single instance, the ulcer healed 
during antacid therapy while steroids were 
maintained and symptoms have not recurred 
during many months of continued steroid 
treatment. 


ANALYSIS OF SURGERY 


Seventeen patients required surgery, princi- 
pally total colectomy and ileostomy. (Table 
xvii.) [he usual indication for operation was 
severe disease not responding to intensive 
medical treatment including steroids; in four 
cases the colitis had become fulminating. (Table 
xix.) L. C., a seventeen year old girl, underwent 
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a segmental resection of the transverse colon 
with a primary end-to-end anastomosis. She had 
experienced frequent recurrences while on main- 
tenance hydrocortisone therapy; however, the 
extent of involvement, as determined radio- 
logically, was confined to the transverse colon 


TABLE XX 
ANALYSIS OF DEATHS 
(12 PATIENTS) 


Probably Related Directly to Ulcerative Colitis and/or Steroid 
Therapy-—Six Patients 


therapy 
2. Sudden unexplained death. During ACTH therapy 
3. Fulminating colitis, shock, 
During ACTH therapy 


4. Septicemia, pneumonia... During ACTH therapy 
6 


Indirectly Related to Ulcerative Colitis——Three Patients 


38 months after ACTH 
therapy; 2 years after 
colectomy-ileostomy 

. During ACTH therapy 

During hydrocortisone 

therapy 


. Electrolyte imbalance. . 


8. Hemolytic anemia.... . 
9. Fulminating hepatitis. 


Unrelated— Three Patients 


10. Rheumatic heart disease 
11. Cholangitis 
12. Pulmonary complications secondary to varicella 


and had not changed over a period of several 
years; she remains well at the present time. 
M. K., a twenty year old boy, with a similar 
history of recurrences, had segmental colitis by 
x-ray. At operation, skip areas of involvement 
were discovered in the ileum as well as in the 
ascending and transverse colon; an ileo-trans- 
verse colostomy was established. A subsequent 
recurrence of symptoms required hospitaliza- 
tion and renewed corticoid therapy. The indica- 
tions for operation in four cases were recurrent 
iridocyclitis, progressive rheumatoid arthritis, 
unexplained mass in the right lower abdominal 
quadrant later shown to be inflammatory, and 
carcinoma of the colon. 


ANALYSIS OF DEATHS 


There were twelve deaths. (Table xx.) At 
least six of the fatalities appear unrelated to 
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steroids, or to active ulcerative colitis, although 
two patients were receiving maintenance cortico- 
therapy at the time of death. H. B. died at an- 
other hospital, thirty-eight months after a 
temporarily helpful course of ACTH therapy 
and two years after an ileostomy had been per- 
formed elsewhere; the cause of death was 
thought to be an electrolyte imbalance. W. P. 
responded to a thirty-day course of ACTH but 
six months later died of severe hemolytic anemia. 
C. E. responded slightly to corticotropin during 
the first half of 1952; however, the colitis gradu- 
ally subsided and remained quiescent to the time 
of his death in January, 1955, from congestive 
heart failure secondary to rheumatic heart dis- 
ease. S. S. received small amounts of ACTH and 
cortisone from January, 1952, through May, 
1953, with sustained improvement; however, 
one year later he died of a cholangitis. M. F. 
died of pulmonary complications secondary to 
varicella, twenty months after a nineteen-day 
course of corticotropin; the colitis was inactive 
at the time of death. E. T., while receiving 
hydrocortisone, died of acute necrosis of the liver 
complicating infectious hepatitis; at autopsy the 
colitis appeared to be entirely healed. 

The remaining six deaths occurred during 
corticotherapy and in some way could be related 
directly to hypercorticism. B. G., one of the first 
patients treated with ACTH, died of generalized 
peritonitis secondary to a perforation of the 
cecum and abscess formation, antedating ACTH 
therapy; the spread of the infection may have 
been abetted by a high steroid level. E. K., dur- 
ing her third course of corticotherapy for severe 
recurrent colitis, responded poorly; surgery was 
contemplated but she suddenly died; an autopsy 
was not obtained. N. M., acutely and critically 
ill, seemed to respond to intravenous cortico- 
therapy but sudden shock, coma, renal failure 
and jaundice resulted in death within several 
days; an autopsy was not obtained. In R. G., a 
debilitated elderly woman who had undergone 
operation previously for regional enteritis, 
recurrent ileocolitis reponded satisfactorily to 
ACTH. During the fourth week of therapy weak- 
ness, fever, shock and coma suddenly developed 
and the patient died despite all therapeutic 
efforts; pre- and postmortem blood cultures 
revealed pseudomonas aeruginosa. E. R. and 
T. Z. unexpectedly committed suicide on the 
twenty-seventh and twenty-ninth days of ther- 
apy, although the colitis in each case had 
improved. 
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COMMENT 


The favorable clinical response to ACTH and 
related compounds in 164 of 180 patients empha- 
sizes the beneficial effects of these substances. 
The results are noteworthy since they were 
achieved in a group of patients with severe or 
moderately severe disease who had been treated 
without sustained benefit; surgery had been 
recommended elsewhere frequently. The in- 
effectiveness of placebos and the lack of signifi- 
cant or continued improvement on conservative 
therapy alone would appear to minimize the 
role of suggestive or psychotherapeutic factors. 
Quailitatively, the clinical effect was similar to 
that characterizing effective medical therapy 
without steroids, but the response to corticoids 
was far more rapid, uniform and more dramatic 
than could have been anticipated with conven- 
tional treatment. Comparison of the present 
series with a group of 100 patients treated before 
the adrenal steroids were available indicates a 
higher incidence of favorable therapeutic results, 
a smaller number of patients requiring surgery 
and a lower mortality rate in the current series; 
although the two groups are not completely 
identical, the findings further emphasize the 
usefulness of the adrenal steroids as adjunct 
therapy. 

Aqueous corticotropin was the most potent 
and consistently effective of the compounds 
studied. The intravenous route induced maxima] 
adrenocortical stimulation; intramuscular ad- 
ministration appeared to be somewhat less 
effective but the practicality of intramuscular 
injection outweighed the slight loss of potency. 
Next in order of effectiveness were hydro- 
cortisone intravenously and orally, corticotropin 
gel (which was not of uniform potency), predni- 
sone and prednisolone, and cortisone. Theo- 
retically, there should have been little difference 
between comparable doses of aqueous and long- 
acting corticotropin preparations; clinically, 
the gel did not seem to be as reliable. In patient 
H. K., acutely ill with moderately severe ulcera- 
tive colitis, corticotropin gel in divided doses up 
to 120 units daily failed to produce significant 
improvement or marked eosinopenia. Aqueous 
ACTH was instituted in the identical dose, with 
rapid, most dramatic improvement. The par- 
ticular lot of gel in question had produced 
eosinopenic responses in other patients. The 
explanation for the failure of corticotropin gel to 
activate the adrenal cortex in this and other 
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patients is not apparent; other investigators have 
made similar observations | 5}. 

Hydrocortisone orally, as reported previously 
'6|, seems capable of producing significant 
clinical improvement with fewer side effects than 
are observed with ACTH in quantities required 
to produce a comparable clinical response. 
Hydrocortisone also has been administered in 
retention enemas, apparently with favorable 
results |7|. Prednisone and prednisolone have 
been prescribed less often but the results have 
been encouraging, suggesting that these newer 
agents, in high dosage (60 to 100 mg. daily), are 
capable of effectively controlling symptoms with 
fewer side effects. Cortisone, although a potent 
drug in high dosage (200 to 300 mg. daily), is 
associated with a high incidence of side effects: 
the sole advantage of cortisone is that it can be 
administered intramuscularly and thus utilized 
in the preoperative preparation of patients on 
long-term steroid therapy. 

The decreasing clinical response during pro- 
longed administration of ACTH or with succes- 
sive courses of corticotropin has been noted also 
by other investigators [8,9]. This relative state of 
refractoriness, in our experience, has occurred 
with oral steroids as well. The cause of this 
troublesome phenomenon is not known. [ncreas- 
ing severity of the disease would explain the 
decreasing response to both ACTH and oral 
steroids. Circulating antihormones or antibodies 
against corticotropin may be a factor; inactiva- 
tion of the material in the tissues at the site of 
injection, with delayed or decreased release of 
hormone into the blood stream is a third possi- 
bilitv. Intravenous administration of the drug 
occasionally has overcome the refractory state, 
supporting the last hypothesis and militating 
against the antihormone theory, although in- 
travenous infusion may evoke a “load” of 
hormone in excess of the neutralizing ability of 
the ‘“‘anti-substances.’”’ The relative clinical 
superiority of ACTH compared to other corti- 
coids is not entirely understood. This impression 
may be related to the use of initial doses of 
corticotropin relatively higher than initial doses 
of the oral steroids. Hydrocortisone, for example, 
was prescribed in an amount somewhat less than 
twice that of ACTH; there is evidence suggesting 
that one unit of ACTH is equivalent to at least 
2 mg. of hydrocortisone |/0|. Another explana- 
tion may be that adrenal cortical stimulation 
releases a spectrum of hormones whose effects 
excel that of any single steroid administered from 
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without; exogenous steroids are known to de- 
press normal cortical function | //—73}. 

The frequency of side effects is not surprising 
in view of the large quantities of corticoids pre- 
scribed and the long duration of treatment. 
However, serious complications attributable to 
these agents were uncommon. The manifesta- 
tions of the Cushing-like state were related to the 
inherent physiologic activity of the hormones. 
The high incidence of alkalosis and hypokalemia 
seems attributable to the infrequent administra- 
tion of potassium salts routinely, because of the 
hazard of increasing the diarrhea. The pro- 
found mental changes with high circulating 
levels of steroids present a serious problem. 
Chlorpromazine has been helpful in controlling 
some of these. The development or reactivation 
of a peptic ulcer was encountered in only one 
patient, although nine in this series are known to 
have had a peptic ulcer by history or by x-ray. 
The absence or lack of activation of peptic 
ulcer during the prolonged administration of 
adrenal steroids in ulcerative colitis also has 
been recorded by other investigators. Streeten 
and Pollard |/74) noted peptic ulcers in twenty- 
one of 730 patients receiving corticotropin or 
adrenal steroids for various diseases, an incidence 
of only 2.9 per cent. Giant ulceration of the colon 
did not occur in this series: such lesions existing 
prior to therapy were observed radiologically to 
heal during the administration of corticoids. 
The incidence of severe hemorrhage appeared 
to be no greater in the present series than in 
patients not receiving steroids: massive bleeding 
from the colon ceased dramatically on at least 
one occasion upon the administration of corti- 
cotropin intravenously. In the group reported by 
Maltby, severe hemorrhage, though it had oc- 
curred in seven patients before the use of ACTH, 
did not develop during steroid therapy. Perfora- 
tion of the bowel was present in only one patient, 
antedating the ACTH therapy;* perforations 
had occurred in six of 100 patients treated prior 
to 1948 [75|. In a controlled study under the 
auspices of the British Medical Council [3], 101 
patients with ulcerative colitis were treated with- 
out steroids and 109 with cortisone; two per- 
forations occurred, both in the control group. 
Perforation of the colon did not occur in the 109 
patients reported by Maltby [4|. The routine 


* Recently, a patient, observed after the present series 
was completed, died of fulminating ulcerative colitis with 
perforation of the bowel and peritonitis. Therapy had 
included ACTH. The colon had been markedly distended. 
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use of sulfonamides, the frequent administra- 
tion of penicillin and streptomycin and the 
constant therapeutic effects to restore and main- 
tain adequate nutrition may have contributed 
significantly to the absence of perforations in the 
present series. 

Although ACTH and related compounds 
effectively controlled the symptoms of ulcerative 
colitis in the majority of patients, the over-all 
recurrence rate of 70 per cent suggests that these 
agents per se do not necessarily cure the disease. 
However, the rate of recurrence was appreciably 
lower in the few patients receiving steroids in the 
early stages of their illness. Similar observations 
were reported in the British series. It is conceiva- 
ble that steroids given early in the course of 
ulcerative colitis, when the anatomic changes 
are comparatively slight, can suppress the in- 
flammatory process effectively and thus prevent 
extensive damage to the colon. Another impor- 
tant role for ACTH is the definitive treatment of 
fulminant colitis occurring as the first manifesta- 
tion of the disease. Ultimate restoration of such 
patients to normal health without surgical meas- 
ures has been accomplished. The serial biopsy 
studies by Truelove, Horler and Richards [76] 
and the observations of Levine, Kirsner and 
Klotz [77| indicate that the beneficial effects of 
steroids upon the symptoms of ulcerative colitis 
are accompanied with definite histologic evi- 
dences of healing. Truelove has suggested con- 
tinuation of steroids until such evidence of heal- 
ing is obtained. 

Treatment with small doses of ACTH or oral 
steroids has been continued beyond one year in 
sixteen patients; nine have been symptom-free 
but seven have experienced recurrences. Be- 
cause ulcerative colitis is an unpredictably re- 
mittent disease, indefinite maintenance therapy 
has not been considered practical. In_ those 
patients, however, in whom recurrent activ- 
ity manifests itself as the dose is reduced 
and control again is achieved by a moderate 
but well tolerated increase in the quantity 
of steroids, prolonged maintenance therapy may 
be contemplated. 

The mechanism of the remissions induced by 
the corticoids is unknown. Certain theoretic 
possibilities, including the possible relationship 
of ulcerative colitis to disorders of connective 
tissue and to hypersensitivity phenomena, have 
been discussed in previous papers [7,2,6,78]. 
Recent experimental work in our laboratory in 
which a form of ulcerative colitis was induced 
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in the colon of rabbits sensitized to foreign 
protein [/9] increases interest in the posstble 
participation of hypersensitivity mechanisms in 
the pathogenesis of ulcerative colitis. Compari- 
son of the actions of steroids and of salicylates, 
as reported for rheumatoid arthritis and rheu- 
matic fever, is not pertinent in ulcerative colitis, 
since in this disease salicylates frequently ag- 
gravate rather than ameliorate the symptoms. 
Continued study of the effects of corticotropin 
and the adrenal steroids upon the disease in 
man and upon experimental colitis in animals is 
needed and may provide important clues to the 
understanding of this difficult but intriguing 
problem. 


SUMMARY 


Since January, 1950, 180 patients with ulcera- 
tive colitis have been treated with ACTH, 
cortisone, hydrocortisone and the newer ana; 
logues. In most instances these agents were 
prescribed as adjuncts to a comprehensive 
medical program. The disease was classified clin- 
ically as severe or moderately severe in 92 per 
cent of the patients. Steroid therapy was initiated 
with corticotropin in 134 patients, with hydro- 
cortisone in twenty-nine cases and in the 
remaining seventeen with either cortisone, 
prednisone or prednisolone. 

An immediate beneficial effect was observed 
in 85 per cent of the patients. The response to 
corticotropin was more dramatic and more 
uniform than to the other agents; the beneficial 
effects included subsidence of fever, tachycardia, 
abdominal distress, and blood in the feces, 
together with increase in appetite and a pro- 
nounced sense of well being. The bowel move- 
ments decreased in frequency and the discharges 
improved in consistency, although somewhat 
more slowly. Proctoscopic improvement oc- 
curred in the majority of patients but less rapidly 
than the clinical response. 

Symptoms recurred in 70 per cent of the pa- 
tients. The recurrence rate in those with a rela- 
tively brief history was lower than the overall 
figure. Repeated courses of corticotherapy in- 
duced favorable responses in the majority of 
ninety-one patients. However, the results were 
not as striking as in the first course. At present, 
113 patients are considered to be in complete or 
partial remission; forty-four continue on steroid 
therapy. Thirty-nine patients have been in re- 
mission since the first course; the remainder 
have received multiple courses. Thirty-five 
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patients are unimproved. Seventeen patients 
have undergone surgery, twelve have died (in- 
cluding one of the surgical group), and four have 
been lost to follow-up. 

The most common side effects were Cushing- 
like changes in 137 patients, alkalosis in ninety- 
five, hypokalemia in forty-five and _ hyper- 
glycemia or glycosuria in twenty-six; these 
untoward effects seldom were severe enough to 
discontinue therapy. The more serious but less 
frequent complications included temporary 
psychosis in ten, two suicides, allergy to ACTH 
in nine, and severe infections in five. Peptic ulcer 
developed in only one patient; nine individuals 
with peptic ulcer received large doses of steroids 
without untoward effects. 

ACTH produced more frequent and the 
most profound side effects but, in general, was 
the most effective compound. Hydrocortisone, 
prednisone and prednisolone were less effective 
but often produced comparable clinical results 
with fewer side effects. Cortisone did not com- 
pare favorably with the other corticoids. 


CONCLUSIONS 


1. ACTH and related compounds, although 
potentially hazardous, are comparatively safe 
adjuncts to the conventional treatment of ulcer- 
ative colitis when administered in sufficient 
quantities and with adequate precautions. 

2. These potent compounds usually amelio- 
rate the course of the disease and often are 
dramatic in their clinical effects. Anatomic 
evidence of healing occurs, but more slowly. 

3. The mechanism of action of corticotropin 
and the adrenal steroids in ulcerative colitis is 
not clear; their ultimate role in the treatment 
of ulcerative colitis is yet to be determined. 
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aLcium and phosphorus are the principal 
mineral constituents of the skeleton, which 
contains over 99 per cent and 90 per cent of the 
total body content of each respectively. For this 
reason, it is not surprising that bone is intimately 
involved in the metabolism of both elements, 
and that bone disease is frequently associated 
with disturbances in calcium and phosphorus. 
In addition, both elements have very important 
functions in the cellular “soft tissues.” 

The present review will be confined to some 
of the more important aspects of calcium and 
phosphorus metabolism, and because of limita- 
tion of space, no attempt will be made to give a 
detailed and exhaustive treatment. Fortunately, 
a number of excellent reviews, conference reports 
and books have been published in recent years 
dealing with this field [7-74]. 


CALCIUM METABOLISM 

The body contains approximately 144 per cent 
calcium by weight, and almost all of this is 
located in the skeleton. Mitchell analyzed the 
body of a normal 70 kg. adult man and found 
1,114 gm. in the skeleton, 11 gm. in the soft 
tissues (chiefly intracellular) and less than 1 gm. 
in blood and extracellular fluid [75]. However, 
this small amount of calcium plays a vital role 
in the function of the body, affecting enzyme 
activity, membrane permeability and neuro- 
muscular excitability. The homeostasis of cal- 
cium in blood and extracellular fluid would 
appear to be of great biologic importance, for 
it is one of the best-regulated levels in the body. 
A fall in serum calcium level may produce 
tetany and death, while hypercalcemia produces 
functional disturbances and cardiac effects. 

Ca* Studies. The availability of radiocalcium 
(Ca) and radiophosphorus (P**) has made 


* From the 


possible measurements of the movement of these 
elements between blood, body fluids and tissues, 
and studies of the kinetics of uptake and ex- 
change with the calcium and _ phosphorus 
present in the skeleton. When radiocalcium is 
injected intravenously, it disappears rapidly 
from the blood, moving into interstitial space 
and bone. The kinetics of the blood disappear- 
ance curve have been analyzed for rats, rabbits, 
cattle and humans [{/6-79]. Armstrong found 
that approximately half the blood calcium in the 
rat exchanged with calcium in the interstitial 
fluid per minute, so that the two may be con- 
sidered as essentially a single compartment [76]. 
There is also very rapid movement of Ca*® into 
bone, the limiting factor apparently being the 
bone blood flow. Frederickson, Honour and 
Copp [20] determined the initial bone clearance 
of Ca*® from blood in the rat and obtained a 
value of 5 to 8 per cent of the cardiac output. 
Similar values have been obtained with Sr® and 
P#2 [27]. If the initial clearance of these isotopes 
by bone is complete, this will be a measure of 
bone blood flow, which in any case can be no 
less than this value. 

Bauer, Carlsson and Lindquist [22-24] have 
studied the kinetics of turnover of Ca*® and P* 
in bone in rats and children. By an ingenious 
series of calculations, they have been able to 
estimate the exchangeable calcium in bone, 
calcium uptake or accretion, and calcium 
resorption. In a young rat, they estimated for 
tibia an accretion rate of 6.2 per cent of the bone 
Ca/day; a resorption rate of 4.7 per cent of the 
bone Ca/day; and an exchangeable fraction 
equivalent to 3.0 per cent of the total calcium 
in the bone [22]. 

In children, the accretion rate was 1.6 per 
cent of the bone phosphorus in twenty-four hours 
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(six month infant), 0.83 per cent in untreated 
rickets (seven month infant) and 1.25 per cent 
in the same infant after adequate treatment 
with vitamin D [24]. The increased new bone 
formation in the children treated with vitamin D 
was accompanied by a corresponding increase 
in the resorption rates. 


Foeces 


Urine 


Calcium Regulation] 


Fic. 1. Factors involved in serum calcium regulation. 


Long term studies of bone retention of Ca*® 
indicate that the turnover of the total bone 
calcium is very slow [25,26]. 

Calcium Balance. ‘The serum calcium level 
depends on a balance between calcium added 
from intestinal absorption and bone resorption, 
and calcium lost from blood by excretion in 
urine and feces and deposition in bone salt. In 
the young animal, the latter occurs primarily 
in areas of bone growth and remodelling, but 
even in the adult there is some deposition of 
new bone in forming osteons [27]. The factors 
involved in this calcium balance are illustrated 
in Figure 1. 

Intestinal Absorption. Sherman recommends a 
daily dietary intake of 0.65 gm. calcium per 
day by adults; 1.00 gm. by children and still 
higher intakes in pregnancy and lactation when 
the needs for calcium are increased [28]. 
Howard [29] has pointed out that a normal 
individual in calcium balance excretes only 
100 to 150 mg. Ca per day in urine, so that this 
must represent net absorption from the gut. 
However, such an individual may actually be 
absorbing 600 to 800 mg. of the dietary calcium, 
and excreting 500 to 700 mg. in the intesti- 
nal tract. Assuming that 8 liters of digestive 
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juices are formed per day, this alone would 
contain approximately 500 mg. Ca. Bronner and 
Harris {30} studied absorption of Ca* in boys 
aged eleven to sixteen and in two young adults. 
Determining fecal Ca** and estimating absorp- 
tion by difference, they obtained values from 
30 to 80 per cent; fecal excretion of intra- 
venously injected Ca*® was 3 to 5 per cent. 

Net absorption from the gut appears to be 
determined more by need than intake. Howard, 
Parson and Bigham [3/} increased the daily 
dietary intake of a number of bedridden patients 
from 0.2 gm. to 2.2 gm. with no appreciable 
increase in calciuria. However, absorption of 
dietary calcium may be modified by a number 
of other factors. It is apparently favoured by 
Vitamin D [6], high protein diet [32] and a state 
of calcium depletion [33]. Vitamin D deficiency 
6), and increased phosphate [34] or phytic acid 
(35,36) in the diet reduces calcium absorption. 

While net intake is regulated by the intestine, 
elimination appears to be regulated primarily 
by the kidneys, for when active bone resorption is 
taking place, the excess calcium is excreted in 
urine rather than in feces [3/7]. In assessing the 
kidney function in calcium regulation, it must 
be remembered that 9 to 12 gm. of calcium are 
filtered by the glomerulus every twenty-four 
hours, and over 99 per cent of this is reabsorbed 
by the tubules [37]. Even in cases of hyper- 
calcemia, only a small part of the filtered cal- 
cium appears in the urine. It is obvious that 
even small changes in the tubular reabsorption 
of calcium will result in very significant increases 
in urinary excretion. This may occur in im- 
mobilization of the patient and thyrotoxicosis 
(37,38). In these cases, the increased urinary 
excretion occurs without any significant rise 
in the serum calcium level. In severe phosphorus 
deficiency in rats, with progressive osteoporosis, 
the calcium clearance may increase ten to 
twenty times, with normal or slightly sub-normal 
serum calcium levels {39}. 

Homeostatic Regulation of Serum Calcium. The 
normal serum calcium level is approximately 
10 mg. per cent with a range from 9 to 11 mg. 
per cent. Depending on the method used, 50 to 
70 per cent of the serum calcium appears to be 
ultra-filtrable and diffusible; the remainder is 
bound to protein [4,47]. There is remarkable 
precision in its homeostatic regulation, despite 
the large and variable movements of calcium 
in and out of the blood pool. In this process, the 
reservoir of calcium in bone is primarily in- 
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volved, although the parathyroid glands are also 
important. Following parathyroidectomy the 
serum calcium level falls in a few hours to 5 to 
7 mg. per cent, while hyperparathyroidism 
produces hypercalcemia {42}. 

The amazing capacity of the skeleton to 
restore and maintain a normal serum calcium 
jevel has been demonstrated in a number of 
experiments in which hypocalcemia was pro- 
duced by a variety of experimental procedures. 
Hastings and Huggins | 43) carried out replace- 
ment transfusions in dogs, using blood from 
which most of the calcium and phosphorus had 
been removed by shaking with lead phosphate. 
Even when 50 per cent of the blood volume was 
replaced with hypocalcemic blood every ten 
minutes, it was extremely difficult to lower the 
blood calcium to a level which would produce 
tetany, and as soon as the procedure was 
stopped, the level promptly rose. They estimated 
that during the course of one experiment, the 
amount of calcium mobilized from bone corre- 
sponded to more than four times the amount 
present in the blood and interstitial fluid. 

In other experiments, the serum calcium level 
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was lowered by injections of oxalate, citrate or 
disodium EDTA | 44-46}. In each case, the serum 
calcium rapidly returned to normal by mobiliza- 
tion from bone, once the procedure for pro- 
ducing hypocalcemia was stopped. 

In this laboratory, quantitative measurements 
have been made of the mobilization of calcium 
from the skeleton in fasted dogs, in which hypo- 
calcemia was produced by intravenous infusion 
of disodium ethylenediaminetetraacetate (Nao- 
EDTA) [47]. This substance forms a relatively 
non-toxic chelate complex with calcium which 
has such a low dissociation constant that the 
calcium is to all intents removed from the bio- 
logic system. When an equivalent amount of the 
calcium EDTA was infused, no changes were 
observed in blood pressure, non-EDTA serum 
calcium level or general condition of the animal. 
The Na2-EDTA was infused intravenously and 
at a continuous rate for one hour; the amount 
given was such as to chelate 10 mg. Ca per kg. 
body weight during this period. Serum calcium 
values were determined by photometric titration 
with NazEDTA, using a modification of the 
method of Lehmann [48]. A typical curve show- 
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Fic. 3. Calcium mobilization from bone. Serum calcium levels during infusion of Na,-EDTA 
at a rate adjusted so that calcium removal by EDTA is just balanced by calcium mobil- 


ization from bone. 


ing serum calcium and phosphorus values during 
the control period, EDTA infusion and recovery 
is shown in Figure 2. 

By analyzing these curves, mobilization of 


calcium from bone may be determined and 


related to the degree of hypocalcemia during the 
mobilization period. In studies on some thirty 
dogs, it was found that the rate of calcium 
mobilization was directly proportionate to the 
lowering of the serum calcium level. This sug- 
gests that an equilibrium exists between serum 
and a mobilizable calcium fraction in bone; the 
equilibrium is such that the serum calcium in the 
hypocalcemic blood flowing through the bone 
blood vessels is restored to normal by addition 
of calcium from this pool. Assuming that this is 
the case, the effective bone blood flow necessary 
to account for this mobilization may be esti- 
mated, and was found in our animals to range 
from 3 to 7 per cent of the resting cardiac output. 
This relationship between calcium mobilization 
and hypocalcemia was confirmed in dogs in 
which the rate of Nas-EDTA infusion was 
adjusted so that a constant depressed level of 
serum calcium was maintained by balancing 
EDTA removal against calcium mobilization. 
A representative curve is shown in Figure 3. 
Effect of Parathyroids. The parathyroid glands 


have an extremely important function in calcium 
metabolism, yet despite a voluminous literature 
and a number of excellent reviews, there is still 
no clear picture of the exact mode of action of the 
hormone | 48-52}. Albright and Ellsworth [ 53) in 
1929 proposed what is now termed the renal or 
phosphaturic theory of parathyroid action, based 
on their observations on a patient with hypo- 
parathyroidism treated with parathyroid ex- 
tract. They observed a marked increase in 
phosphate excretion in urine following adminis- 
tration of parathyroid extract, accompanied by a 
rise in the serum calcium level. They suggested 
that the primary effect of the hormone was to 
increase phosphate excretion, resulting in a 
lowering of serum phosphate, withdrawal of 
phosphorus from bone and mobilization of 
calcium—thus producing hypercalcemia. How- 
ever, Thomson and Pugsley [54] in 1932 and 
Collip et al. [55| in 1934 observed a direct 
action of parathyroid extract on bone in 
nephrectomized animals, and concluded that the 
primary effect was stimulation of osteoclastic 
activity in bone. At present, the great. weight 
of evidence appears to support the view that the 
primary effect of the parathyroid hormone in 
calcium regulation is on bone, since the char- 
acteristic effects-—hypercalcemia and bone resorp- 
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Fic. 4. Effect of parathyroidectomy on calcium mobilization. Changes in serum calcium 
level during EDTA infusion and recovery, before and twenty hours after thyroparathy- 


roidectomy. 


tion--may be produced in the nephrectomized 
animal {56,57}. Barnicot and Chang [59] 
have also demonstrated a localized resorption 
of bone when parathyroid grafts were placed in 
close proximity to it. 

Talmage and Elliott [607) nephrectomized rats 
and washed the peritoneal cavity three times 
daily with 30 ml. of an isotonic saline solution 
containing 3 per cent glucose and no calcium or 
phosphorus. The solution was left in the peri- 
toneal cavity for one hour each time to permit 
equilibration with body fluids, and was then 
analyzed for Ca and P. In the control animals, 
the wash contained 7 mg. per cent Ca; after 
parathyroidectomy the value fell to 3.5 mg. per 
cent, along with a fall in phosphorus and citric 
acid. Administration of 1 I.U. parathyroid 
extract per hour for six hours restored all three 
values to normal. 

In the parathyroidectomized dog the serum 
calcium fell to 6 to 7 mg. per cent within 
twenty-four hours [6/|. In such parathyroid- 
ectomized animals, when Na;EDTA was 
infused, the serum calcium was reduced still 
further, but mobilization from bone restored 
the level to the new equilibrium value of 7 mg. 
per cent, and the “effective bone blood flow” 
measured at this level was found to be the same 
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as that measured for a mobilization in the con- 
trol period before the glands were removed [6/). 
(Fig. 4.) 

McLean and Urist [{/3], in their excellent 
monograph on bone, have proposed a dual 
mechanism to explain the regulation of serum 
calcium. The first part of this mechanism, which 
operates in both normal and _ parathyroid- 
ectomized animal, is a diffusion equilibrium 
between serum and the labile fraction of the bone 
mineral and can maintain the serum calcium 
level at approximately 7 mg. per cent. The 
second part of the mechanism is dependent on 
the parathyroid glands and operates on the 
principle of a “‘feed-back.”’ A fall in serum cal- 
cium level stimulates increased output of para- 


_ thyroid hormone which in turn increases mobili- 


zation of calcium from bones causing a rise in 
serum level. It is this mechanism which they 
believe is responsible for maintenance of the 
normal level of 10 mg per cent. 

Copp and Moghadam [62] carried out EDTA 
infusions in a dog immediately after thyropara- 
thyroidectomy (Figure 5) and found that 
mobilization from bone was apparently normal, 
although the equilibrium gradually fell after 
the operation. While no direct “feedback’’ was 
possible in these animals, there was undoubtedly 
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Fic. 5. Effect of parathyroidectomy on calcium mobilization. Changes in serum calcium 
level during EDTA infusion and calcium mobilization, before and immediately follow- 
ing thyroparathyroidectomy (indicated by: —P.T.G.). 


parathyroid hormone present in the circulating 
blood.. When parathyroid extract (E. Lilly 
preparation) was infused intravenously into 
parathyroidectomized animals at a constant 
rate, the serum calcium level rose gradually to 
normal and above normal |62). (Fig. 6.) The 
calcium mobilization which accompanied EDTA 
infusion under these conditions was normal with 
respect to the new equilibrium level for serum 
calcium. 

These results may best be explained on the 
basis of an equilibrium between serum calcium 
and a mobilizable calcium pool in bone. This 
pool must be accessible to the blood and may be 
related to the exchangeable calcium fraction. 
In the parathyroidectomized animals, this would 
correspond to a serum level of 5 to 7 mg. per 
cent; in the presence of functioning parathyroid 
glands or parathyroid hormone, this equilibrium 
value is raised to normal or even above normal. 
It would appear probable, as McLean suggests, 
that a feedback mechanism regulates the output 
of parathyroid hormone, which in turn affects 
the mechanism which determines the equi- 
librium between mobilizable bone calcium and 
blood. 

Other Hormones. In birds, during one phase 
of the egg-laying cycle, or following administra- 
tion of estrogens, there is extensive secondary 


development of spongy bone in the marrow 
cavities [63]. While the egg shell is calcifying, the 
serum calcium may rise to several times its 
normal value, but this is due to an increase in a 
physiologically inactive fraction, and the serum 
calcium ion concentration remains normal. 
Estrogens produce similar changes in mice and, 
within limits, the vield of new bone is propor- 
tionate to the dose given |6/). Marrow cavity 
may be entirely filled with this secondary spongy 
bone. In rats, estrogens have no effect in the 
adult, but apparently inhibit the normal resorp- 
tion of the spongy bone beneath the growing 
epiphysis in young rats, so that the final result 
is an increase in the quantity of spongy bone 
present [65|. Estrogens have been administered 
to humans with osteoporosis, particularly of the 
senile or postmenopausal type, but with equivo- 
cal results {66,67}. 

Hypophysectomy in the immature rat leads 
to cessation of growth in bone associated with 
reduced activity in the epiphyseal cartilage of 
long bones |68|. Administration of growth hor- 
mone to such rats results in resumption of 
epiphyseal activity and growth in length of the 
bones. If growth hormone injections are con- 
tinued for long periods of time in both hypophy- 
sectomized and normal rats, continued growth 
of the skeleton will give rise to giantism [69]. 
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thyroparathyroidectomized forty-eight hours previous! 


y and given continuous intra- 


venous infusion of 2 I.U. para-thor-mone (E. Lilly)/kg./hr. for nine hours —Na,EDTA 
infusion and measurement of calcium mobilization from bone carried out after four hours. 


Thyroxin appears to have a synergistic action 
with growth hormone {|70|. Large doses of 
thyroxin tend to accelerate the maturation of 
bone, while thyroidectomy retards development. 

ACTH and cortisone both tend to suppress 
new bone formation, but do not interfere with 
normal resorption. This may account for the 
osteoporosis observed in Cushing’s syndrome 
(49). 

Vitamin D. Nitamin D favours the absorption 
of calcium and phosphorus from the intestinal 
tract and helps prevent the disturbances in 
serum calcium and phosphorus which lead to 
vitamin D deficiency rickets |6}. Bauer, Carlsson 
and Lindquist [22] have provided evidence that 
vitamin D increases the rate of bone resorption, 
thus freeing mineral for calcification of newly 
forming bone. Massive doses of vitamin D (over 
50,000 I.U. per day) increase the mobilization 
of calcium and phosphorus from the skeleton, 
and have an effect not unlike that of parathyroid 
extract [77,72]. 


PHOSPHORUS METABOLISM 


Approximately 90 per cent of the body phos- 
phorus is found in the skeleton [75]. The remain- 
ing 10 per cent is chiefly intracellular, and plays 
an important role in the energy transfer mecha- 
nisms associated with cell metabolism. 
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The human diet is usually quite adequate in 
phosphorus. Sherman has estimated the mini- 
mum phosphorus requirements for the human 
adult at 0.88 gm. per day and has recommended 
an intake of 1.25 gm. per day [28]. The require- 
ment is higher for growing children and women 
during periods of pregnancy and lactation. 

On a normal diet, approximately two-thirds . 
of the ingested phosphorus appears in the urine, 
so that a large proportion of the phosphorus in 
food must be absorbed. This has been confirmed 
in experiments using radiophosphorus [73-74]. 
Vitamin D favours phosphorus absorption [6]. 
Lack of vitamin D and presence in the intestinal 
tract of metallic ions such as iron, calcium and 
aluminum, which form insoluble phosphates, 
will reduce absorption [75-77]. 

There does not appear to be a very effective 
mechanism for regulating absorption of phospho- 
rus from the intestinal tract, so that phosphorus 
balance is controlled primarily by variations in 
renal excretion. For this reason, in renal failure 
phosphorus continues to be absorbed and re- 
tained, leading to hyperphosphatemia. 

Harrison and Harrison [78] observed an in- 
crease in the tubular reabsorption of phosphorus 
when rachitic puppies were given vitamin D, 
and consider this one of the important actions 
of the vitamin in raising the serum phosphate 
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Fic. 7. Effect of severe phosphorus deficiency. Roentgenographs of (A) three 
week old rat at onset of experiment; (B) eight week old phosphorus deficient rat; 


and (C) eight week old control rat. 
animal. 


level and promoting calcification [78]. In phos- 
phorus deficiency, there is also an increased 
renal reabsorption of phosphates, so that this 
ion disappears almost completely from the 
urine [79]. 

The parathyroid glands also have an impor- 
tant effect on phosphorus homeostasis and renal 
excretion [80]. This is decreased following para- 
thyroidectomy, and increased when parathyroid 
extracts are administered [87,82]. Indeed, this 
phosphaturic effect of parathyroid extract is the 
basis for an assay test, using radiophosphorus 
(P%?) [83]. 

Serum Phosphate. In infants and young chil- 
dren, the serum inorganic phosphorus is 5 to 
6 mg. per cent; this value diminishes with age 
until the adult value of 3 to 4 mg. per cent is 
reached. Reifenstein, Kinsell and Albright [84] 
suggest this difference in phosphorus level is due 
to the presence of growth hormone in children. 
Practically all the inorganic serum phosphorus is 
diffusible [85]. While changes in the serum level 
are characteristic of rickets and certain other 
disorders, hypophosphatemia does not produce 


Note severe osteoporosis in the deficient 


dramatic effects such as the tetany associated 
with severe hypocalcemia. 

Phosphorus Homeostasis and Severe Phosphorus 
Deficiency. While the kidneys appear to be far 
more important in phosphorus homeostasis than 
is the case for calcium, the reservoir of phos- 
phorus in the skeleton is also of the greatest 
importance in maintaining adequate levels of 
this element in the tissues of the body. This is 
particularly well illustrated in the case of severe 
phosphorus deficiency [86]. Day and McCollum 
[87] first produced this deficiency in growing 
rats by restricting them to a diet containing only 
0.017 per cent phosphorus. On this diet, growing 
rats went into negative calcium and phosphorus 
balance, and progressive osteoporosis developed, 
which eventually became so severe that the 
softened rib cage collapsed, and death from 
respiratory failure resulted [87]. Coleman et al. 
[88] have described histologic changes produced 
in the skeleton of animals restricted to such a 
phosphorus deficient diet. They found these 
changes resembled severe osteoporosis, combined 
with severe rickets. Some of the metabolic 
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changes have been described by Copp et al [89]. 
There is little or no change in the serum calcium 
level, but there is a marked fall in the serum 
phosphorus which may eventually reach a value 
of less than 1 mg. per cent. The phorphorus in 
the liver, muscle and other soft tissues remains 
normal, despite the negative phosphorus balance 
(90). This is made possible by withdrawal of 
phosphorus from the bones and is accompanied 
by a marked calciuria and negative calcium 
balance. The eventual result is a very severe 
osteoporosis, which is most marked in the ribs 
and vertebrae. This may be seen in the roentgen- 
ograph shown in Figure 7 [|9)}. Oddly enough, 
the teeth remain relatively unaffected by the 
progressive osteoporosis, the molars are well 
mineralized and the incisors continue to grow 
and calcify. It is evident that in this severe phos- 
phorus stress, the essential requirements of the 
living tissues of the body are met at the expense 
of the stores of phosphorus in the bones, even 
though this results in loss of rigidity and ability 
to provide support. 


SUMMARY 


The skeleton, which contains over 99 per cent 
of the body calcium and 90 per cent of the phos- 
phorus, provides a reserve for the maintenance 
and regulation of these elements. Both have 
important functions in cells and body fluids. 

Calcium balance depends on intake from the 
diet, loss in urine and feces and a balance be- 
tween bone formation and bone resorption. 
Intake is regulated by intestinal absorption; 
excretion of excess calcium liberated by bone 
resorption occurs chiefly in urine. 

The very precise homeostatic control of the 
serum calcium level depends on bone, para- 
thyroids and kidneys. Mobilization of calcium 
from bone during hypocalcemia was found to 
depend on the extent to which the serum calcium 
was lowered, and on the bone blood flow. The 
latter has been estimated at 3 to 7 per cent of the 
resting cardiac output in the dog. There appears 
to be an equilibrium between a mobilizable 
calcium pool in bone and the serum calcium. 
This equilibrium level is 5 to 7 mg. per cent in 
the parathyroidectomized animal and 10 to 
11 mg. per cent in the normal animal. It is 
probable that a “‘feedback”’ mechanism regulates 
the output of parathyroid hormone; the hor- 
mone in turn determines the equilibrium level 
between mobilizable bone calcium and blood. 

A large part of the dietary phosphorus is 
absorbed and subsequently excreted by the 
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kidney. The latter appears to be the main organ 
for regulation of phosphorus balance. In severe 
phosphorus deficiency, the requirements of the 
cellular soft tissues are met at the expense of the 
skeleton and severe osteoporosis develops. The 
bones, and particularly the ribs and vertebrae, 
become very thin and low in mineral, while the 
teeth are relatively unaffected. 
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Clinico-pathologic Conference 


Pyuria, Gross Hematuria, Convulsions and 
Possible Nephrotic Syndrome 


roar wape reports, edited by Lillian Recant, m.p. and W. Stanley Hartroft, m.v. 
of weekly clinico-pathologic conferences held in the Barnes and Wohl Hospitals, 
are published in each issue of the Journal. These conferences are participated in jointly 
by members of the Departments of Internal Medicine and Pathology of the Washington 
University School of Medicine and by Junior and Senior medical students. 


HE patient (No. 267247), a fifty-four year 
Negro housewife, was admitted to 
Barnes Hospital for the first time on February 13, 
1956, in a state of collapse following a convulsive 
episode. She was readmitted on May 3, 1956 and 
died on May 27, 1956. 

The patient was well until about 1951 when 
she had severe dysuria for one week which 
cleared spontaneously. During the next few years 
she had several episodes of aching in her flanks, 
unassociated with other symptoms. She was first 
seen at the Washington University Clinic in 1952 
for an abscess on her arm. At this time she was 
noted to have a blood pressure of 150/95 and 
slight cardiac enlargement. Urinalysis revealed 
“trace protein” and “‘full field’”’ of red and white 
blood cells. She was not seen again until Novem- 
ber, 1955, when she returned for treatment of a 
small ulcer on her leg. She was noted to have 4 
plus proteinuria and 8 to 15 red cells per high 
powered field. An electrocardiogram was nor- 
mal. Roentgenogram of her chest revealed left 
ventricular enlargement. About four months 
prior to her first admission there was an “un- 
easiness’ in her stomach followed by recurrent 
vomiting for one week and nausea which per- 
sisted intermittently until admission. “Iwo 
months prior to admission pedal edema devel- 
oped which was followed by periorbital edema, 
both of which progressed. She also had slight 
exertional dyspnea which did not become severe 
until one month prior to admission when 
orthopnea also developed. Two weeks prior to 
admission, she was seen in the Medicine Clinic 
where notable findings were generalized edema, 
a blood pressure of 180/100, cardiomegaly, 
hydrothorax, ascites and marked dependent 
edema. The venous pressure was 220 mm. saline, 


the circulation time (decholin®) was sixteen 
seconds. Urinalysis showed 3 plus proteinuria, 
and many white blood cells; culture of the urine 
revealed no growth. The hemoglobin was 10.2 
gm. per cent, the non-protein nitrogen 38 mg. 
per cent. Seven days prior to admission the 
patient began to spend most of her time in bed 
because of malaise and severe dyspnea. On the 
day of admission she collapsed in bed and clonic 
activity of her extremities developed but she 
did not lose sphincter control or become 
cyanotic. Following this episode she was con- 
fused and was brought to the Emergency Room. 

Her general health and strength had been 
excellent in the past. She had had no operations, 
previous hospitalizations or serious illnesses. 
She was gravida Ix, para Ix without any com- 
plications. She was two years postmenopausal. 
There was no previous history of cardiac disease 
or gastrointestinal symptoms. Her family history 
was not contributory. 

Physical examination revealed the patient’s 
temperature to be 37.7°c., pulse 120, respiration 
24, blood pressure 205/110. She was obese, 
edematous and somnolent. There was periorbital] 
edema. The pupils were round, regular, equal 
and reacted to light. There was a moderate 
increase in the arteriolar light reflex, but no 
other abnormalities of the fundi were observed. 
The ears, nose and throat were normal. The neck 
was supple. The neck veins were not distended. 
The thyroid was not enlarged. There was dull- 
ness and decreased tactile fremitus bilaterally 
at the lung bases with fine inspiratory rales 
superior to the dullness. The left border of 
cardiac dullness and point of maximal impulse 
was 12 cm. to the left of the midsternal line in 
the fifth intercostal space. A medium pitched, 
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blowing, grade 2, apical, systolic murmur was 
present. There was no friction rub or gallop 
rhythm. The abdomen was distended with 
ascites; however, no organs or masses were 
ballotable. Slight bilateral costovertebral angle 
tenderness was noted. There was a small super- 
ficial ulcer on the left labia majora. Pelvic and 
rectal examinations were normal. The skin was 
dry and somewhat coarse. There was marked 
pitting edema of the legs and moderate pre- 
sacral edema. Muscle tone was fair and the 
tendon reflexes were symmetrically hyperactive, 
There were no pathologic reflexes. 

The laboratory examinations were as follows: 
red blood cells 2.65 million per cu. mm.; hemo- 
globin 7.0 gm. per cent; hematocrit 22 per cent; 
white cell count 7,000 per cu. mm.; differential: 
78 per cent segmented forms, 2 per cent band 
forms, 18 per cent lymphocytes, 2 per cent 
monocytes. The platelets appeared adequate. 
The red blood cells appeared normocytic and 
normochromic. The reticulocyte count was 2.1 
per cent. Mean corpuscular volume 83 cubic 
microns; mean corpuscular hemoglobin 26 
gamma gamma; mean corpuscular hemoglobin 
concentration 31 per cent. Urinalysis (cathe- 
terized specimen): specific gravity 1.011; reac- 
tion 6; protein 3 plus; sugar negative; bilirubin 
negative; urobilinogen positive in 1 to 2 but 
negative in 1 to 4 dilutions. Microscopic ex- 
amination of the sediment revealed large num- 
bers of hyaline and granular casts; 50 to 100 red 
blood cells per high powered field; 10 to 15 
white blood cells with some clumps per high 
powered field. Methylene blue stain showed no 
bacteria. Quantitative urine protein studies re- 
vealed an excretion of 3 gm. of protein per liter 
of urine. The stool was liquid, yellow in color, 
and was negative by guaiac test. Cardiolipin 
was negative. Non-protein nitrogen was 33 mg. 
per 100 ml., fasting blood sugar 65 mg. per cent, 
2 hour postprandial blood sugar 80 mg. per 
cent, sodium 141.9 mEq./L., potassium 5.5 
mEq./L., chloride 125 mEq./L., CO, 16.5 
mEq./L., calcium 9 mg. per cent, phosphorus 
4.7 mg. per cent, total protein 4.3 gm. per cent, 
albumin 1.7 gm. per cent, globulin 2.6 gm. per 
cent, cholesterol 267 mg. per cent, and brom- 
sulphalein 2 per cent retention in forty-five 
minutes. Total serum bilirubin was less than 0.8 
mg. per cent, cephalin-cholesterol flocculation 
negative, thymol turbidity 3.6 units, direct 
Coombs’ test negative, and phenolsulfon- 
phthalein 3 per cent excretion in two hours. 
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Preparations for L.E. cells were negative three 
times. Roentgenograms of the chest revealed left 
ventricular enlargement, left lower lobe pneu- 
monitis and bilateral pleural effusions. An 
electrocardiogram on February 6, 1956 was 
within normal limits. Culture of the blood was 
negative. Culture of urine revealed a moderate 
growth of coagulase negative micrococcus albus. 
Cultures of throat and sputum grew out a 
mixed flora of Neisseria catarrhalis, alpha 
hemolytic streptococcus and coliform organisms. 
Circulation time (decholin) was ten seconds, 
and the venous pressure was 175 mm. of saline. 
Ascitic fluid obtained by paracentesis showed a 
specific gravity of 1.004, protein 0.7 gm. per cent, 
cells without acid 30, with acid 24. Sternal 
marrow aspiration revealed normal cellularity 
and adequate megakaryocytes. There was slight 
normoblastic hyperplasia but otherwise the 
bone marrow was normal. 

While in the hospital the patient was given a 
diet which contained 0.5 gm. sodium chloride. 
She was digitalized but no attempt was made 
to lower the patient’s blood pressure which 
stayed at about 200/105. One injection of a 
mercurial diuretic caused no diuresis. [Two 
paracenteses which removed a total of 3,400 cc. 
of fluid resulted in a weight loss from 132 to 
120 pounds. The patient’s weight then stayed 
at about 120 pounds throughout the remainder 
of the hospitalization. From the eighth to the 
twenty-first hospital day, 120 units of ACTH gel 
were administered daily. The electrolytes were 
checked frequently and showed little change. 
The non-protein nitrogen, which had risen to 
55 mg. per cent prior to ACTH therapy, rose to 
84 mg. per cent. The hemoglobin was 7.1 gm. 
per cent; the white cell count rose to 21,000 per 
cu. mm. with a slight left shift. There was no 
fever or infection at this time. No diuresis 
occurred. On the twenty-eighth hospital day, 
the temperature rose from the patient’s normal 
level of 36.8° to 38.2°c. Physical examination 
revealed no abnormalities except for slight 
costovertebral angle tenderness. Radiologic ex- 
amination of the chest was unchanged from that 
of February 6, 1953. The urine sediment re- 
vealed a few hyaline, finely and _ coarsely 
granular casts. Rare renal failure casts were 
seen. Methylene blue stain showed very few 
bacteria. A culture of the urine revealed growth 
of coagulase positive, Micrococcus aureus which 
was moderately sensitive to tetracycline and 
chloramphenicol, and resistant to erythromycin. 
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- ‘Tetracycline therapy, 0.5 gm. every six hours, 
was started and continued until discharge. The 
patient became afebrile on the thirty-second 
hospital day, but urinalysis continued to show 
many white cells and culture revealed a moder- 
ate growth of coagulase negative mixed Micro- 
coccus albus and aureus. 

On the twenty-eighth hospital day blood 
chemical determinations were: non-protein 
nitrogen 60 mg. per cent, sodium 130.9 mEq./L., 
potassium 5.8 mEq./L., CO», 19.2 mEq./L., 
chloride 103 mEgq./L., total protein 4.0 gm. per 
cent, albumin 2.5 gm. per cent, globulin 1.5 gm. 
per cent. During the next seven days, the fluid 
intake averaged 2,200 cc. daily and the urine 
output averaged 800 cc. daily. On the thirty- 
fifth hospital day, the non-protein nitrogen was 
112 mg. per cent, sodium 113.6 mEq./L., potas- 
sium 6.3 mEgq./L., 12.4 mEq./L., chloride 
90 mEq./L. The fluid intake was then restricted 
to 1,500 cc. daily and enteric coated sodium 
chloride tablets, 3 gm. daily, were given. By 
the forty-second hospital day the non-protein 
nitrogen was 116 mg. per cent, sodium 136.7 
mEgq./L., potassium 6.8 mEq./L., CO, 15.5 
mEgq./L., chloride 102 mEq./L., calcium 7.0 
mg. per cent and phosphorus 7.7 mg. per cent. 

Because the hemoglobin had fallen to 5.8 gm. 
per cent, the patient was given 2 units of packed 
red cells through a venous pressure set. The 
venous pressure did not rise above 130 mm. of 
saline. The hemoglobin increased to 8.3 gm. per 
cent. Although her condition had not improved, 
the patient was discharged on the forty-fourth 
hospital day at her family’s request. Dis- 
charge medications were gitaligin,® basaljel* 
and chlorpromazine. 

During the interval of one month before re- 
admission, the patient was seen at the clinic on 
two occasions and although hypertension, 
pleural effusion, ascites, and dyspnea persisted, 
her condition did not deteriorate. She took her 
medications regularly. The morning of admission 
she complained of a severe generalized headache. 
Shortly thereafter, she became semi-comatose 
and had three grand mal seizures, in each of 
which her head was turned to the left. She was 
brought to the emergency room in a comatose 
state and admitted for her final hospitalization 
from May 3, to May 27, 1956. 

Physical examination revealed the tempera- 
ture to be 38.5°c., pulse 130, respiration 20, 
blood pressure 200/90, weight 105 pounds. The 
patient was comatose but in no respiratory 
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distress, lying flat in bed. The pupils were 
round, regular and equal, and reacted to light. 
The fundal vessels showed moderate arterio- 
venous compression, a few hard exudates, but 
no hemorrhages or papilledema. Examination 
of the ears, nose and throat revealed no ab- 
normalities. The neck was supple. Dullness and 
decreased breath sounds were detected at the 
lung bases. There were a few fine rales at the 
right base. The point of maximum impulse 
was in the sixth left intercostal space at the 
anterior axillary line. The cardiac examination 
was otherwise unchanged. There was moderate 
ascites. [here were no palpable organs or masses. 
There was slight pretibial edema. Except for her 
comatose state the neurologic examination was 
unchanged from the previous admission. There 
were no pathologic reflexes. 

Laboratory studies at this time were: red cell 
count, 2.68 million per cu. mm.; hemoglobin 
7.7 gm. per cent, packed cell volume 22 per cent, 
white blood count 14,450 per cu. mm.; differ- 
ential: 89 per cent segmented neutrophils, 1 per 
cent band forms, 9 per cent lymphocytes, 1 per 
cent monocytes. The platelets appeared ade- 
quate. Mean corpuscular volume, 80 cubic 
microns; mean corpuscular hemoglobin 25 
gamma gamma: mean corpuscular hemoglobin 
concentration, 35 per cent. Urinalysis: specific 
gravity 1.011, reaction 5.5, protein 4+, sugar 
negative. Microscopic examination of the sedi- 
ment revealed many hyaline and granular casts, 
8 to 10 red cells and 10 to 14 white cells per high 
powered field. The stool was brown; the guaiac 
test was positive. Non-protein nitrogen was 50 
mg. per cent, sodium 141.9 mEq./L.; potassium 
6.5 mEq./L.; CO, 15.8 mEq./L.; chloride 110 
mEq./L.; fasting blood sugar 112 mg. per cent; 
calcium 9.2 mg. per cent; phosphorus 2.1 mg. 
per cent; total scrum protein 5 gm. per cent; 
albumin 2.1 gm. per cent; globulin 2.9 gm. per 
cent; and cholesterol 314 mg. per cent. Two 
L.E. tests were negative. A non-standard radio- 
graphic examination of the chest revealed no 
gross abnormalities. Radiographic examination 
of the skull was negative; the pineal was not 
calcified. An electroencephalogram showed bi- 
frontal slow activity which was interpreted as 
“sign of continuous disorder in the tracing.” 
There were also “runs of convulsoid activity 
more diffusely distributed.” There were no 
lateralizing signs. The record was consistent 
with convulsive etiology on a diffuse organic 
basis with the following possibilities to be con- 
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sidered: (1) a deep frontal lesion or (2) meta- 
bolic or electrolyte alteration. The electro- 
cardiogram revealed an abnormal form of 
ventricular complex compatible with digitalis 
effect. Cultures of the blood were sterile. Cul- 
tures of the throat grew out alpha hemolytic 
Streptococcus and Neisseria catarrhalis. Cul- 
tures of the urine grew a confluent, mixture of 
Micrococcus aureus and Proteus. 

The patient was treated with digilanid intra- 
muscularly and tetracycline orally. A lumbar 
puncture performed on admission showed an 
initial pressure of 160 mm. spinal fluid and, 
after the removal of 8 cc., a final pressure of 
120 mm. There were no cells. The protein was 
37 mg. per cent, the sugar 105 mg. per cent. 
The colloidal gold test and Wassermann reaction 
were normal. During the first hospital day there 
was occasional clonic activity on the left side of 
the body, but this stopped shortly after the pa- 
tient was given phenobarbital intramuscularly 
and dilantin® by stomach tube. By the third 
hospital day, she was improved; she took food 
and medications orally, but some confusion and 
lethargy remained. The stools were persistently 
positive for occult blood and the urine showed 
gross hematuria. The prothrombin time was 80 
per cent; the bleeding time one and a half 
minutes; clotting time six minutes; the clot 
retraction, good in two hours, the Rumple- 
Leede test was negative. Complete radiologic 
examination of the gastrointestinal tract showed 
only a diverticulum of the distal esophagus and 
of the duodenum. Ascites and osteitis condensans 
iliae were also noted. On the eighth hospital day 
the red cell count was 1.9 million per cu. mm.; 
the hemoglobin 5.8 gm. per cent, the packed cell 
volume 18 per cent. The patient received 500 ml. 
of whole blood which increased the hemoglobin 
to 9 gm. per cent. On the twelfth hospital day 
she suddenly had three more grand mal seizures. 
The neurologic examination revealed a tran- 
siently pathologic left toe sign. The non-protein 
nitrogen was 96 mg. per cent, sodium 139.4 
mEq./L., potassium 6 mEq./L.,CO217.5 mEq./ 
L., chloride 116 mEq./L. After these seizures the 
patient became less responsive and was dis- 
oriented as to time and place. Repeat electro- 
encephalogram revealed ‘‘a decrease in the per 
cent time of intermediate slow waves and the 
frontal lead combinations to be significantly 
reduced.”’ Cystoscopy was performed on the 
fifteenth hospital day. The findings were a 
bloody discharge from the left ureter and a 
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purulent discharge from the right ureter. A left 
retrograde pyelogram showed a large dilated 
collecting system compatible with multiple renal 
abscesses, tumor or polycystic kidney. On the 
sixteenth hospital day the temperature rose to 
38.8°c., and a mild leukocytosis developed. The 
urine continued to be grossly bloody. Urine 
culture grew out a confluent mixture of coliform 
organisms and Micrococcus albus. Culture of the 
blood revealed coliform organisms. Chlor- 
amphenicol 200 mg. intramuscularly every six 
hours was added to the tetracycline therapy. 
The patient continued to be obtunded; the 
leukocytosis persisted; and the temperature 
ranged from 37.4 to 39.8°. Repeated neurologic 
examinations failed to demonstrate lateralizing 
findings. The patient died quietly on the twenty- 
fourth hospital day. 


CLINICAL DISCUSSION 


Dr. Epwarp REINHARD: Let us consider first 
the problem of this patient’s anemia. It is of 
interest that during the two weeks preceding her 
admission, the patient’s hemoglobin value had 
fallen from 10.2 gm., as noted in the clinic, to 
7 gm. on admission to the hospital. A reticulo- 
cyte count shortly after admission was 2.1 per 
cent. The mean corpuscular hemoglobin con- 
centration was 31 and the bone marrow showed 
slight normoblastic hyperplasia. As you all 
know, chronic azotemia is certainly a gause of 
anemia and may have been a contributory 
factor in this patient. Dr. Philip Loge did some 
studies several years ago that may be pertinent 
here. These studies were concerned with red cell 
survival times as measured by the Ashby 
technic in patients with anemia, kidney disease, 
and some degree of azotemia. In one group of 
patients, normal blood cell survival times were 
obtained despite the anemia. In another group, 
with more severe anemia and more marked 
azotemia, very significantly shortened red cell 
survival times were observed. So we may say 
that in patients who have severe azotemia, with 
accompanying severe anemia, there is often a 
hemolytic component contributing to the ane- 
mia; whereas in mild azotemia one does not 
anticipate a hemolytic component. Dr. Loeb 
would you discuss other factors which may have 
contributed to the anemia in this particular case? 

Dr. Vircit Logs: There are many factors 
which may have been responsible for the anemia 
and I do not believe we can be very specific as 
to the actual cause. She certainly had impaired 
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renal function and, as was pointed out, anemia is 
quite commonly seen in renal disease although a 
significant hemolytic component may not be- 
come manifest until severe azotemia occurs. She 
had hypoproteinemia, which might be a con- 
tributing factor to defective hemoglobin synthe- 
sis. Infection may be responsible for anemia. She 
certainly had a chronic urinary tract infection so 
that the possibility of her having had a renal 
abscess will have to be considered in the discus- 
sion. The possibility of a chronic septicemia also 
has to be entertained. Furthermore, she had evi- 
dence of chronic blood loss from the genito- 
urinary tract; except for one isolated observa- 
tion when red cells were absent from her urine, 
and on many occasions there was gross hema- 
turia. Blood was also noted in her stool so that 
another significant source of blood loss could 
have been the gastrointestinal tract. Finally we 
are told that she had had nine pregnancies all of 
which may well have depleted the body of iron. 
According to the protocol the corpuscular con- 
stants on this patient were normochromic and 
therefore a significant degree of iron deficiency 
presumably did not play much of a role but cer- 
tainly with the infection, the renal disease, and 
the hypoproteinemia, supplemented by the 
chronic blood loss I think we have sufficient 
reasons to anticipate that such a patient would 
be anemic. 

Dr. REINHARD: She did actually have a very 
mild or borderline hypochromic anemia. I think 
it might be worth while here to comment on the 
problem of transfusion in a patient of this sort. 
There is always much discussion on the wards 
and on the clinical services because everybody 
is afraid of provoking a severe hemolytic trans- 
fusion reaction in this sort of patient. Dr. Loeb, 
can a transfusion be given to these people safely 
and if so what do you do to avoid transfusion 
reaction? 

Dr. Logs: I think we might start by saying 
that you can’t give a transfusion to any patient 
with complete safety. There is always a cal- 
culated risk, in blood transfusion, but most 
individuals with adequate kidney function are 
able to clear the mild degree of hemoglobinemia 
that occurs following the transfusion of stored 
blood. However, in a patient with renal disease, 
one is obviously up against a problem because 
of the compromised kidneys. There are various 
ways to give a transfusion to an individual with 
perhaps greater caution than is ordinarily exer- 
cised. Packed red cells may be administered, 
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sometimes through a venous pressure set, if a 
patient is in circulatory failure, or if one has any 
reason to anticipate that he might go into cir- 
culatory failure, or if one is interested simply in 
giving red blood cells to the individual. This 
procedure was used here. Recently people have 
looked upon the technic of washing red cells as a 
panacea for the prevention of transfusion reac- 
tion but I think a word of caution is justified. 
Actually when one washes red cells, all one at- 
tempts to do is remove the last traces of plasma. 
If there are antibodies in the donor's plasma to 
which the recipient's cells may be sensitized, 
then perhaps it is rational to remove all the 
antibody by washing. [This is a very rare circum- 
stance, however. If the patient is sensitive to 
plasma, and I mean by this non-specifically 
sensitive—that is, that a febrile reaction will 
develop following injection of pooled plasma 
without regard to type-—then it may be necessary 
to wash the red cells repeatedly in order to get 
rid of any trace of plasma protein that might be 
present in the infused blood. I suppose washing 
cells might be considered also if one is worried 
about hyperkalemia. But I think it is important 
to realize that in washing red blood cells, one 
does undoubtedly traumatize the cells. It is 
a heroic experience for the red cells to be taken 
out of the body, have the plasma removed, be 
resuspended in saline, spun down again, the 
saline removed and a new infusion of saline 
mixed with the cells for a total of at least three 
times. This process may take several hours dur- 
ing which time, it is absolutely essential that the 
blood be maintained sterile and kept at optimal 
storage temperature which is between 4° and 
8°c. Now if one traumatizes the red cells by 
washing, then it seems to me it is only reasonable 
to assume that following infusion of such washed 
cells one might actually do more damage than 
by giving simply the packed cells. If the washed 
cells are osmotically or mechanically more fragile 
after washing, they may well hemolyze following 
their infusion into the recipient and result in 
further elevation of serum potassium and hemo- 
globinemia. Recently Drs. Chaplin and Brit- 
tingham here have done some interesting prelim- 
inary studies that may give another indication 
for washing red cells, namely to remove white 
cells and platelets which may be responsible for 
some reactions. But I believe, unless there is a 
good reason to suspect that there is some inherent 
potentially dangerous substance in the plasma, 
one accomplishes very little by washing the red 
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cells and one may endanger the recipient in 
terms of jeopardizing already damaged kidneys 
by giving potentially traumatized red cells. 

Dr. Reinnarn: The next problem I would like 
to take up is the pathogenesis of the patient’s 
generalized edema or anasarca. We have two 
possibilities that we have to consider: (1) the 
nephrotic syndrome of the mixed variety, that is 
nephrosis plus renal hypertension and azotemia 
or, (2) nephritis with renal hypertension and 
congestive heart failure. It is important for us to 
decide which of these the patient had if we are to 
fit this very confusing case together. Dr. Bricker, 
which of these possibilities do you think we are 
dealing with here? 

Dr. Neat Bricker: Unfortunately I don't 
think that available data allow us to distinguish 
absolutely between the two mechanisms. We 
can’t really substantiate the diagnosis of the 
nephrotic syndrome in this patient, if we list 
as our criteria for diagnosis (1) a decreased 
plasma albumin concentration, marked albumi- 
nuria, a hypercholesterolemia, hyperlipemia 
and /or lipiduria and anasarca. People with the 
nephrotic syndrome usually have over 6 gm. of 
protein in the urine during a twenty-four hour 
period. In this patient, we know only that in one 
twenty-four hour urine sample, the protein 
concentration was 3 gm./L., but we do not know 
the twenty-four hour volume on that day. 

Dr. Reinnarp: As far as we can tell from the 
chart the urinary outputs throughout that period 
were recorded as between 800 and 1,000 cc. per 
day. These figures are always of course subject to 
question. 

Dr. Bricker: The cholesterol values ranged 
from high normal to one value which was over 
300 but nevertheless, the majority of values I 
believe were in an equivocal range. The hardest 
thing to explain on the basis of congestive heart 
failure is the hypoalbuminemia and this was 
definite and persistent. She did have congestive 
heart failure. With congestive heart failure and 
hypoalbuminemia, the distribution of her edema 
with ascites and pleural effusions could well 
have occurred. I think the chances are perhaps 
85 per cent in favor of a nephrotic syndrome. 

Dr. Reinnarp: It is well worth pointing out 
that if we did have information about the 
twenty-four hour protein output of urine it 
would be of great value in deciding this rather 
crucial point, but that information is un- 
fortunately not available. Dr. Smith, do you 
have anything to add about this patient's 
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congestive failure? Would you agree that she had 
congestive failure? The patient’s venous pressure 
was 220 but the decholin circulation time was 
normal, sixteen seconds. 

Dr. Situ: There was probably an ele- 
ment of congestive failure, | imagine. There was 
marked water overload and the venous system 
was impounded considerably which would repre- 
sent an inability of the heart to move all this 
volume. 

Dr. REINHARD: It is appropriate now to at- 
tempt to decide what kind of renal disease was 
present. I’d like to see the pyelograms Dr. 
Powers. 

Dr. WittiAM Powers: The kidney outlines 
cannot be visualized and the films have a marked 
overcast on them which is due to the tremendous 
amount of abdominal fluid. However on a 
gastrointestinal series performed about four 
months before this examination, both kidneys 
appeared to be normal in size and external con- 
figuration. A retrograde pyelogram was at- 
tempted and following non-visualization of the 
kidney, presumably due to the dye escaping 
back down the ureter, a bulb was put into the 
distal ureter and dye forced in a retrograde 
manner. Retrograde pyelography of the left 
kidney shows it to be very abnormal. The 
radiology department equivocated considerably 
about the absolute diagnosis. There is a defect 
in the mid-portion of the pelvis of the kidney; 
there is irregularity and destruction of a portion 
of the mucosa of the proximal ureter and the 
distal pelvis; there are several filling defects 
within the pelvis, and there is a filling defect 
within one of the major calyces. Marked ir- 
regularity and dilatation of the calyces with a 
filling defect extending out from the calyx in the 
lower portion of the kidney is also seen. These 
findings are suggestive of tuberculosis except that 
there is no atrophy of the kidney and there is 
relatively little involvement of the ureter. ‘The 
lesion might suggest a tumor within the renal 
structure but it would have to be a very diffuse 
tumor. I think a more reasonable dignosis 
would be that the kidney has multiple sites of 
infection within it, probably with abscesses, 
which are in communication with the renal 
pelvis and the renal collecting system. A renal 
pelvic tumor could explain the entire picture 
with clotting of blood and infection. My prefer- 
ence would be for multiple abscesses within the 
kidney. There was no contrast examination per- 


formed on the opposite right kidney. 
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Dr. REINHARD: We may as well go ahead and 
see the roentgenogram of the chest too. 

Dr. Powers: Fortunately we have roentgeno- 
grams of the chest going back to 1952. There is 
relatively little change in the size of the heart. 
The heart shows generalized enlargement in 
both the transverse and anteroposterior diam- 
eters. There is at this time pleural effusion bi- 
laterally, with effusion extending up along both 
costophrenic angles; the diaphragms are both 
somewhat elevated presumably because of the 
tremendous amount of fluid within the abdomen. 
The bronchus in the left lower lobe can be seen 
relatively well and there is a patchy infiltration in 
the left lower lobe best interpreted as pneu- 
monitis. [here is possibly some pulmonic vascu- 
lar congestion. The vessels are somewhat 
enlarged, and several of the roentgenograms 
show the azygos vein considerably enlarged. The 
pulmonary vessels were not tremendously 
dilated as seen in severe congestive failure, 
however. 

Dr. REINHARD: Dr. Powers, the diagnosis of 
polycystic kidneys with superimposed pyelo- 
nephritis was suggested in the chart. Did the size 
of the kidneys help you in your report? 

Dr. Powers: Well, yes, I think these kidneys 
were smooth in outline, not lobular, and not 
particularly enlarged in size. 

Dr. ReinnArD: Nine days before the patient 
died, a cystoscopy was performed. Reddish 
discharge was observed coming from the left 
ureter, and a purulent discharge was observed 
coming from the right ureter. Now Dr. Royce, 
considering not only the pyelograms but all the 
other data we have on this patient, what kind of 
renal disease do you think this patient had? 

Dr. Ropert Royce: There are a number 
of possibilities. I think most of them have already 
been mentioned. There are a number of things 
which would make it almost impossible to make 
‘ a positive diagnosis right now, because we are 
seeing a patient that was first examined urologi- 
cally when she was in a terminal condition. She 
did have several very salient features in her 
course which I think should be borne in mind. 
One is that she had persistent blood and pus in 
her urine from the time she was first seen in the 
clinic in 1952. She had at that time and until the 
last admission, no recorded sepsis that I could 
find. She also had negative cultures in the clinic 
when she had pus and blood in her urine. At 
least the first one or two methylene blue stains 
were negative. This group of findings sounds 


more like acid-fast infection or a tumor. It is 
possible, of course, to have a stone with local 
necrosis and no sepsis or bacteria. However, 
from the roentgenograms alone I rather suspect 
that she does have multiple abscesses of the 
kidney. I don’t know what the nature of the 
abscesses was, but, even with no evidence of 
pulmonary tuberculosis I would still be a little 
suspicious of a tuberculous infection. She had 
bilateral disease and it is not unusual for renal 
tuberculosis to be associated with hematuria, 
particularly when there is pus with no bacteria. 
I believe the cultures were a little equivocal here. 
Of the bacteria that were listed, I believe the 
micrococcus, in particular, might have been a 
contaminant. 

Dr. Reinnarp: Dr. Wattenberg, do you have 
anything to add? I wish you would also com- 
ment on the possibility that this woman might 
have had two types of renal disease. Could she 
have had a long standing chronic pyelonephritis 
and a superimposed process causing a very acute, 
terminal picture with the bizarre pyelogram? 

Dr. WATTENBERG: The history would lead one 
to think that she had a long standing infection 
of the kidneys, because of the pus and blood cells. 
The red cells were found back in her early his- 
tory. I think perhaps she did have a long stand- 
ing pyelonephritis, the cause not being deter- 
mined as yet. Perhaps in the terminal state 
some type of toxic nephritis or nephrosis devel- 
oped. I still think we have to bear in mind that 
she could have had tuberculosis for a long time 
because the pyelograms suggest it and the history 
with a normal white count and no fever would 
fit in. 

Dr. Remnnarp: Now Dr. Recant, if we assume 
that the patient did have a nephrotic syndrome 
rather than nephritis and cardiac failure alone 
as the cause of the edema, what are the types of 
renal lesions we would have to consider? In 
other words, what types of renal disease produce 
the nephrotic syndrome of the impure type? I 
would particularly like you to emphasize what 
is the renal lesion that characterizes nephrosis. 
Is there any one common denominator of the 
renal lesions that cause nephrosis? 

Dr. Recant: There are a variety of etiologies 
associated with the nephrotic syndrome. These 
include chronic glomerular nephritis, lupus 
erythematosus, amyloidosis, involvement of the 
renal veins by bilateral thrombosis, drug in- 
duced syndromes, and a few cases have been 
reported of secondary syphilis with an associated 
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nephrotic syndrome. With respect to the com- 
mon denominator in the pathogenesis of this 
renal lesion, it seems clear that the glomerulus 
appears to be the organ or the site of attack. 
This fact is not always clearly demonstrable 
on the usual routine sections but in most studies 
one can demonstrate changes in the basement 
membrane. I failed to mention the Kimmelsteil- 
Wilson syndrome as another cause of this syn- 
drome. The major question here is the one Dr. 
Bricker commented on, namely did she have a 
nephrotic syndrome? If she did not, I think 
we can deal with the case much more simply. 
If she did, none of these diseases fits easily. The 
fact that she did have recurrent infection per- 
haps is the only one that would suggest amyloido- 
sis but that seems highly improbable. 

Dr. Reinnarp: Isn't it true that in most con- 
ditions that cause nephrosis the kidneys tend to 
be large so that, if this patient had nephrosis, the 
normal size of the kidneys would be unusual. 

Dr. Recant: I think that is essentially true. 

Dr. Reinnarp: Dr. Bricker, one other diag- 
nosis ought to be mentioned, disseminated 
lupus. Many L.E. preparations were sent to the 
laboratory and all were negative. Do con- 
sistently negative L.E. preparations rule out 
disseminated lupus with any degree of certainty? 

Dr. Bricker: I do not believe they rule out the 
diagnosis of lupus. Kark has recently described 
a patient with lupus who initially had positive 
L..E. preparations with a renal lesion producing 
the nephrotic syndrome; but as the disease pro- 
gressed the L.E. phenomenon became negative 
and remained negative thereafter. In the experi- 
ence of most observers, however, the L.E. test 
does not revert to negative after once being 
positive. 

Dr. Remnarp: Dr. Bricker, there are certain 
blood chemical findings listed in the protocol 
which one would certainly not expect in nephro- 
sis. These include those of hyperchloremic acido- 
sis, and a low normal serum phosphorus (as 
low as 2.1 mg. per cent) at times when the pa- 
tient apparently had severe and progressive 
renal failure. I would have expected the serum 
phosphorus to be very high. Would you discuss 
these changes? 

Dr. Bricker: The observations are, to say the 
least, intriguing. When the patient was first 
examined chemically she had a definite hyper- 
chloremic acidosis. Her azotemia then was only 
modest. One would wonder, therefore, whether 
or not she presented some of the manifestations 
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of renal tubular acidosis without severe glomeru- 
lar insufficiency early in her course. Certainly 
this syndrome would be compatible with an 
etiologic diagosis of pyelonephritis. Later she 
became more azotemic due to a process which we 
don’t fully understand. At the time of discharge 
from the hospital (following her first admission ) 
she was severely uremic. However, when she was 
at home, her glomerular filtration rate inex- 
plicably increased as is evidenced by a marked 
fall in the non-protein nitrogen concentration 
and by the drop in the phosphorus from 7 mg. 
per cent or thereabouts to 2.1 mg. per cent. 
The serum phosphorus level does not generally 
become elevated until the glomerular filtration 
rate drops below 30 ml. per minute. Hence her 
glomerular filtration rate must have been ex- 
tremely low. It is possible to explain some of the 
fall in phosphorus (and corresponding rise in 
calcium) on the basis of the increased filtration 
rate. But this change alone cannot produce 
hypophosphatemia so that again one wonders 
whether or not the increased filtration rate 
unmasked an underlying renal tubular acidosis. 

Dr. REINHARD: But as you have already 
stated, Dr. Bricker, you think there is roughly 
an 85 per cent chance that this patient did have 
a nephrotic syndrome and that it should be so 
classified. If that is the case, I gather from the 
discussion we have had so far that you would 
have to postulate that the patient had two types 
of renal disease. One to account for this bizarre 
pyelogram, perhaps a chronic pyelonephritis, 
perhaps a renal tuberculosis, and then there 
is some other renal lesion to account for the 
nephrosis. Is that correct? 

Dr. Bricker: Yes. 

Dr. Remnnarp: Would you like to state what 
you think would be the most likely cause of the 
nephrotic syndrome? 

Dr. Bricker: I would have to list two or three 
possibilities, and I don’t think I could distinguish 
between them. I think one possibility is as fol- 
lows: When first seen in 1952 this patient had 
latent chronic glomerulonephritis, with occult 
hematuria as a manifestation. When she came 
to the hospital on her first admission she may 
have suffered an acute exacerbation of chronic 
glomerulonephritis with resultant azotemia, 
oliguria and hyperkalemia. Finally this acute 
exacerbation subsided in part and was then 
followed by the nephrotic syndrome. Other possi- 
bilities, however, must be mentioned. Systemic 
lupus has already been considered. We can 
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neither rule it out, nor rule it in. Amyloidosis 
could be the etiologic basis of a nephrotic syn- 
drome and I think would be more plausible if 
she had renal tuberculosis. The other possibility 
which I would like to mention is bilateral renal 
vein thrombosis. The fact that she had flank pain 
recorded in 1952 and thereafter, the fact that she 
did have a considerable amount of hematuria, 
and the fact that she seemed to have a dis- 
proportionate amount of ascites, would indicate 
that renal vein thrombosis might have to be 
considered. 

Dr. REINHARD: Dr. Bricker, I would like you 
to tell us very briefly what your experience has 
been at Peter Bent Brigham Hospital in the 
therapy of nephrosis with massive doses of 
cortisone. Are they really significantly better 
than the conventional doses which have been 
used commonly here and elsewhere? 

Dr. Bricker: I think one must distinguish 
between the effect on edema and the effect on 
the underlying renal lesion. With respect to the 
treatment of edema, steroid therapy in large 
doses is definitely an improvement and most 
observers have been able to diurese the majority 
of their pure nephrotics. With respect to the 
effect on the underlying disease, the evidence is 
not quite so clear, although many observers do 
believe they may be influencing the natural! 
history of the disease with steroids. 

Dr. REINHARD: I believe there are patients 
who do not respond to doses of the magnitude 
that this patient received but who will diurese 
very satisfactorily when they are given much 
larger doses. Is that correct? 

Dr. Bricker: Yes, that is correct. 

Dr. REINHARD: One more problem should be 
mentioned at least briefly: the convulsions. Dr. 
Levy, this patient had her first episode of clonic 
movement of the extremities, followed by mental 
confusion at a time when her blood pressure 
was 180/100, her non-protein nitrogen only 
38 mg. per cent, and there were no striking 
alterations in the blood chemical values. Under 
these circumstances can we attribute the convul- 
sions to uremia, electrolyte imbalance or some 
other possibility? 

Dr. Irwin Levy: It is still possible to attribute 
them to the incipient renal failure. 

Dr. REINHARD: Does one see convulsions as an 
early manifestation of impending uremia? 

Dr. Levy: Occasionally. 

Dr. REINHARD: Do you think impending 
uremia is the likely explanation here or do you 
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expect to find some organic brain lesion to 
account for the convulsions and the abnormal! 
electroencephalogram? 

Dr. Levy: I do not expect to find any unusual 
cerebral pathology. 

Dr. Remnnarp: You think this will all be sec- 
ondary to the renal lesion? Does anybody wish to 
take issue with this point of view? 

Well, I think we had better try to summarize 
what has been said. I personally would like to 
suggest as my first diagnosis, the sequence of 
events that Dr. Bricker has outlined so nicely 
here of a chronic glomerular nephritis with acute 
exacerbation of glomerular nephritis leading to 
the nephrotic syndrome. Another second, very 
real possibility, and one for which there is a great 
deal of evidence, is that this patient had chronic 
renal disease of infectious origin, either pyelo- 
nephritis or possibly a tuberculous renal infec- 
tion. That diagnosis would not account for the 
nephrotic syndrome which I think was present, 
and if the underlying renal lesion turns out to be 
a chronic pyelonephritis or a tuberculous infec- 
tion of the kidney, I think we then have to 
postulate that the patient had a second type of 
renal disease: either disseminated lupus or 
amyloidosis or possibly bilateral renal vein 
thrombosis. The latter seems very unlikely be- 
cause of its rarity and because the kidneys appear 
to have been normal in size. The patient also had 
hypertensive cardiovascular disease presumably 
of renal origin and we may anticipate therefore 
that the patient had arteriosclerosis and proba- 
bly nephrosclerosis so that there may be actually 
a third type of renal disease present. 


PATHOLOGIC DISCUSSION 


Dr. Davin Epwarps: At autopsy, pitting 
edema of all four extremities and the dependent 
portions of the trunk was demonstrated in this 
moderately well nourished Negro woman of 
small stature. On opening the thoracic cavity, 
a small amount of fluid was found in the 
serous Cavities and there were a few old fibrous 
adhesions of the pleurae covering the upper 
lobes of the lungs. Diffuse, mild emphysema, 
and areas of patchy atelectasis were seen in the 
posterior portions of the lungs. A small adherent 
thrombus occluded a small pulmonary artery in 
the right lower lobe. The heart (285 gm.) was 
only slightly enlarged and the coronary arteries 
were but slightly sclerotic. A small bland 
thrombus was attached to one of the cusps of the 
aortic valve. Two hundred and fifty milliliters 
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of serous fluid were found in the peritoneal 
cavity. Both kidneys were enlarged (combined 
weight over 600 gm.). (Fig. 1.) Multiple cysts 
of varying sizes and shapes distorted both renal 
cortices, leaving small patches of solid paren- 
chyma between them. The cysts impinged on the 
collecting system and had produced distortion 
and elongation of the calyces. The pelvic mucosa 
was grey-white and thickened. The contents of 
the cysts were varied. Some contained cither 
clear fluid, granular debris, altered blood or 
even frankly purulent exudate. Microscopically, 
the cysts were lined by flattened cuboidal 
epithelium which resembled that of the tubules. 
Some nephrons were filled with polymorpho- 
nuclear leukocytes, and in various regions the 
latter had extended into the surrounding inter- 
stitial tissue. Occasionally the appearance of an 
abscess was suggested, but the presence of lining 
epithelium around these dense aggregates of 
neutrophils indicated that they were, in fact, 
infected cysts. Throughout the tissue which had 
persisted between cysts there was a diffuse in- 
crease in interstitial fibrous tissue, largely at the 
expense of the tubules which were small and 
atrophic and were lined by flattened epithelium. 
In the surviving parenchyma of both cortex and 
medulla, groups and streaks of chronic inflam- 
matory cells were evident. Many glomeruli 
exhibited varying degrees of lobular and peri- 
capsular fibrosis and hyalinization with slight 
proliferative changes in the glomerular tufts and 
some capsular adhesions. Some glomeruli were 
entirely normal. None of the glomerular lesions 
were characteristic of glomerulonephritis. (Fig. 
2.) The arteries and, to a lesser degree, the 
arterioles were thickened by fibrous intimal 
proliferation. In summary, the kidneys exhibited 
the changes both grossly and microscopically of 
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and pericapsular fibrosis may be noticed. 


polycystic renal disease upon which there was 
superimposed a common complication: pyelo- 
nephritis (both chronic and acute), with prolif- 
erative changes in the vessels secondary to the 
inflammation. 

Petechiae and ecchymoses were observed in 
the stomach, cecum and bladder with additiona! 
evidence of acute inflammatory change in the 
mucosa of the latter. Pancreatic acini were 
dilated in the manner often associated with 
uremia. The brain revealed no abnormalities 
grossly or microscopical!y. Cultures taken of the 
heart’s blood and of the left kidney, produced a 
profuse growth of micrococci (Staphylococcus 
aureus). 

Final anatomic diagnoses: Primary: polycystic 
kidneys, moderate; acute and chronic pyelo- 
nephritis, marked; arteriosclerosis of the renal 
arteries, moderate; edema of the lower and up- 
per extremities; ascites (250 cc.); atelectasis 
of dependent portions of the lungs; organizing 
thromboembolus in a branch of the pulmonary 
artery to the right lower lobe; congestion of the 
bladder and liver, slight; petechiae and ecchy- 
moses of the stomach, cecum and bladder: 
dilatation of pancreatic acini, slight, (clinical 
history of uremia); lipid depletion of the adre- 
nals, slight; fatty metamorphosis of the liver, 
slight. Accessory: thrombi of the cusps of the 
aortic valve; pulmonary emphysema, diffuse, 
slight; fibrous pleural adhesions of left lung and 
upper lobe of the right lung; leiomyomas of 
uterus. 


DISCUSSION AFTER PATHOLOGY PRESENTATION 


Dr. Hartrorr: The relatively small size of 
these polycystic kidneys is the most unusual 
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feature of this case from both clinical and 
pathologic aspects. In 80 to 85 per cent of these 


cases, the kidneys weigh between one and two 


kilograms at autopsy. But in today’s case, func- 
tion of renal parenchyma between the cysts had 
undoubtedly been severely impaired by the 
accompanying pyelonephritic disease, and her 
death hastened. In the absence of pyelonephritis, 
the patient might well have survived several 
years longer thereby permitting an increase in 
the size of the cysts, so that the kidneys might 
then have attained the size more usually asso- 
ciated with fatal polycystic disease in the adult. 
It is remarkable that this woman survived nine 
pregnancies without clinical manifestations of 
her polycystic renal disease throughout any of 
the gestation periods. 

Dr. Reimuarpb: Dr. Hartroft, we're still 
wondering a little about the nephrotic syndrome 
that this patient apparently had. Do you think 
there was enough glomerular disease here to 
account for a little nephrosis superimposed on 
her cardiac failure? 

Dr. Hartrrorr: Dr. Edwards demonstrated 
considerable evidence of both tubular and 
glomerular damage. It is, however, very difh- 
cult to estimate from microsections just how such 
a variety of lesions would affect the general 
picture of renal function as evaluated clinically. 
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Dr. Recant: Dr. Bricker commented on the 
low protein excretion as one of the factors that 
made the nephrotic syndrome a little question- 
able. I wonder how much protein was being 
excreted into renal cysts which were not in com- 
munication with the outflow tract? 

Dr. REINHARD: Well once the cysts were 
filled up, this would not happen again. 

Dr. Bricker: The protein concentration of 
cyst fluid varies widely. However, in our experi- 
ence it has never been equal to and is usually 
less than the plasma levels. 

Dr. Hartrrorr: It should be remembered 
that in this disease, and indeed in this particular 
patient, communications frequently develop 
between some of the cysts and the renal pelves, 
so that there would be a constant turn-over in 
protein-content. 

Dr. SHerry: Dr. Reinhard, it is my under- 
standing that the nephrotic syndrome has never 
been described in either polycystic disease or in 
chronic pyelonephritis. | wonder whether this ts 
really a nephrotic syndrome or whether we were 
confused by the dilution of proteins associated 
with the edema of cardiac and renal failure? 


Acknowledgment: Illustrations were made by the 
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HE nephrotic phase of chronic glomerulo- 
rarely if ever occurs more than 
once,'* and it is widely held that glomerulo- 
nephritis itself never recurs once complete 
healing has been demonstrated by rigorous 
examinations of the urine and its sediment.’ 
In sharp contrast, certain patients have been 
observed in whom multiple recurrences of the 
nephrotic syndrome are prominent. Between 
relapses not only does edema disappear but 
proteinuria vanishes as well; in addition, a nor- 
mal serum content of proteins and lipids is some- 
times demonstrable in remissions. In view of this 
contrast it seems appropriate to report in detail 
on such a patient, who was previously described 
more briefly by Addis, *~‘ to include results of the 
subsequent necropsy and to review other cases 
and relevant literature. 


CASE REPORT T 


An American cabinet maker (O. R. B., 257032) was 
fifty-two years old when seen in June, 1937, for the 
first of eight separate periods of edema. Many attacks 
of urticaria had occurred between the ages of nine to 
twenty years and were associated with swelling of face 
and fingers. This patient had had frequent episodes of 
poison ivy and on one occasion poison oak dermatitis, 
but neither occurred after 1931. He was jaundiced at 
the age of thirteen. A cough, later chronic and produc- 
tive of a “‘cupful” of sputum daily, started in 1927. 
When the patient was seen in 1930 with this com- 
plaint, the urine was negative. There was a long story 
of head colds and sneezing on exposure to sawdust. 
Stuffiness of the head on awakening which had oc- 
curred for two or three months in the spring of 1937 
became worse in June, 1937. 

During administration of cold vaccine in June, 
1937, the patient noted swollen eyelids and face in the 
mornings. The urine was grossly normal but contained 
protein. Table 1 presents the pertinent data. A diet 


+t Many of the observations were made by Dr. Thomas 
Addis. 


was prescribed and by November the edema had dis- 
appeared. Microscopic hematuria (5 to 120 million 
erythrocytes per twenty-four hours) was consistently 
found as late as May, 1939. One solitary blood cast 
was seen by Dr. Addis in 1937 and another by one of 
us (D. A. R.) in 1940. Oval fat bodies and fat droplets 
in hyaline casts were regularly found during relapses. 

The second attack of edema began in December, 
1937, after two weeks of a “‘very bad head cold” and 
ended nine weeks later. There was no apparent cause 
for the third attack of edema, which lasted from 
early April to late May, 1938. The urine was entirely 
normal for the first time October 3, 1939. The fourth 
attack occupied May, 1940, occurring one week after 
“flu.” Urinalyses and other relevant examinations 
were again entirely normal in January and June, 
1942. 

The fifth episode of edema began in June, 1943, and 
differed from the earlier attacks in its long duration 
(six months) and absence of hematuria; erythrocytes 
in abnormal numbers did not occur again until 
October, 1946. During the fifth attack electrophoresis 
revealed that “‘at a pH of 7.7 the fraction that had the 
mobility of serum albumin was split in two” both in 
serum and in urine.*:’ No significant cause of the 
episode was recognized. 

In March, 1944, the patient noted dermatitis but 
urinary and all other findings were negative in Febru- 
ary and April. The urinary sediment was still norma! 
and no edema was noted June 3, 1944, but the rate of 
proteinuria was 2.9 gm. per 24 hours; this followed 
the occurrence of a carbuncle and series of boils. Three 
days later edema occurred for the sixth time as the 
serum proteins fell from 6.2 to 5.0 gm. per 100 ml.; 
proteinuria increased to 11.3 gm. per twenty-four 
hours as fat-studded hyaline casts and epithelial cells, 
but not erythrocytes, appeared. In September on the 
second day of a trip to the mountains edema disap- 
peared. Definite but slight urinary abnormalities 
persisted and there was an abortive seventh attack of 
edema in January, 1945. On July 21, 1945, all findings 
were again normal. 

The eighth and final episode began in Ohio on 
May 1, 1946, during a siege of “sinusitis’’ or hay fever. 


*From the Departments of Medicine and Pathology, Stanford University School of Medicine, San Francisco 15. 
California. 
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TABLE | 
OBSERVATIONS IN PATIENT O. R. B. (257032) 


Arterial Pressure 


Rates of Urinary Excretion (per 24 hr.) | Serum (per 100 ml.) | (mm. Hg) 
Date Edema | | | | | | | 
Erythro- | Leukocytes and Total Choles- 
Casts | Epithelial Cells | Protein Albumin | terol Urea Systolic | Diastoli 
(gm.) (millions) (millions) (millions) (gm.) (gm.) (mg.) | (mg.) | 
| | | | 
June 26, 1937 | ++ 3.17 0.60 20 16 72 140 100 
November 2, 1937 | 0 0.02 0.23 14 1 90 
January 6, 1938 | ++ | 4.50 1.50 16 | ££ 2S 100 
March 17, 1938 | 0 | 0.20 0 Bee 4 : 31 | 120 %) 
April 12, 1938 | ++ | 0.90 2.20 | 16 36 386 | oF | 32 130 
October 3, 1939 | 0 0 0 0 0 5.90 Ee. | KO 
May 16, 1940 ++ 3.22 0.03 28 4 4.70 | 48 | 155 105 
June 2, 1942 0 0.05 0 0 ! 7.56 | 35 115 BS 
September 25,1943 | +++ 5.10 0.07 3 3 3.75 | | 32 145 90 
February 5, 1944 0 0.03 0 Pat 0 6.60 | 120 80 
April 29, 1944 0 0.01 0 Bg 3 6.15 | | 135 95 
June 30, 1944 | ++ 8.60 | 2.40 0 29 3.70 | |e] 15 | 9 
November 18,1944 | 0 0.66 | 0 Lae 0 5.00 | 29 120 90 
January 27, 1945 > 1.41 0 | o | 5 4.60 25 | 130 | 100 
July 21, 1945 0 0.03 | 0 | 0 0 aid | se eo 95 
September 17, 1946 | ++++ | 11.35 4.20 | 0 40) 3.82 2.6 | S08 | 31 | #150 100 
May 16, 1947 ++++4 9.45 0.18 | 20 32 360 | 18 120 
October 15, 1947 ++++ | 8.05 | 19 | 33 | | 120 
August 4, 1948 ++++ | 17.20 > | b 26 | 4 80 | 2.6 | oe 1 et ae | 110 


The patient was hospitalized late in October, 1946. 
Edema extended up to the thoracic wall. The neck 
veins were flat, the heart was normal. In his deep 
chest the lungs were “full of sounds which resemble 
those heard in bronchial asthma.’’ The blood regu- 
larly showed eosinophilia of 12 to 16 per cent from 
this time through June, 1947. The serum titer of 
antistreptolysin O was 12 units per ml. An x-ray 
showed a tortuous aorta, congested lungs and a little 
fluid at the bases. Allergic skin tests were negative 
except for a strong reaction to a 1:1000 dilution of 
grass mixture. Epinephrine temporarily abolished 
wheezes, and diphenhydramine seemed to decrease 
the cough and rhinitis. Two infusions of plasma failed 
to induce diuresis, and the patient was dismissed on 
his usual diet with restricted protein and sodium salts. 

The next hospital visit was from May 15 to June 20, 
1947. Anasarca was so severe that for three months 
edema fluid had been escaping by rectum. Advancing 
retinal vascular changes were noted. The heart was 
normal. Wheezes in the lung fields were heard. 
Blood counts revealed anemia and eosinophilia. The 
venous pressure was 9 cm., circulation time sixteen 
seconds and vital capacity 2.8 L. The patient re- 
ceived three blood transfusions and twenty-three 
infusions of salt-poor human serum albumin totalling 
1,125 gm.; anasarca disappeared simultaneously with 
loss of 22 kg., dyspnea was relieved (although wheezes 
persisted), and the patient felt better in general. 
Arterial pressure was elevated and relatively constant, 
serum albumin rose to 3.0 and globulin to 2.2. gm. per 
100 ml., urea fell to 36 and cholesterol to 400 mg. per 
100 ml. Proteinuria rose to a peak of 66 gm. per day 


and was usually over 35 to 40, but the numbers of 
formed elements did not increase. 

Edema gradually reappeared and the patient 
returned to the hospital on October 15, 1947, with 
dyspnea and orthopnea. Retinal hemorrhages were 
present for the first time. The neck veins were dis- 
tended and wheezes were heard as before. After an 
abdominal paracentesis and transfusions of red blood 
cell mass on four consecutive days, he received four- 
teen infusions of serum albumin in as many days 
(total 675 gm.); results were similar to those obtained 
earlier and wheezes persisted. An electrocardiogram 
was normal. 

The patient returned again to the hospital August 
2, 1948, with anasarca. The neck veins were greatly 
distended, the heart was questionably enlarged and its 
sounds were faint. Other findings were similar to those 
noted previously except for the appearance of renal 
failure casts. The cephalin flocculation reaction was 
negative. An electrocardiogram showed low voltage 
QRS complexes and T waves. Abdominal para- 
centeses were used to control anasarca. Dyspnea in- 
creased and sharply curtailed the patient’s activity; 
pruritus appeared. Relatively minor activity precipi- 
tated severe dyspnea and upper abdominal pain one 
day prior to the final hospital entry on November 
18, 1948. Anasarca, orthopnea and great respiratory 
distress were present. The neck veins were distended 
and in the lungs wheezes and basal rales were heard. 
The heart size and sounds were obscure, the rate was 
100 and a gallop was present. The arterial pressure 
was 118/82 mm. Hg. The liver was enlarged and 
tender, as was the abdomen. Vascular collapse was 
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present. The patient received the usual supportive 
measures but, after great restlessness, died on Novem- 
ber 19, 1948. 

Autopsy revealed that death was the result of in- 
farction of the small bowel caused by thrombosis of 
the celiac and superior mesenteric arteries, which in 
turn complicated recent myocardial infarction second- 
ary to coronary thrombosis. Old coronary thrombosis 
with a myocardial scar was also present and general- 
ized systemic and pulmonary atherosclerosis was 
observed. There was considerable hyaline thickening 
of the splenic central arterioles. Both lungs showed 
diffuse, moderate emphysema; practically all the 
thin-walled bronchi contained much tenacious gray 
mucus; most of the alveoli from dependent portions of 
the lungs contained numerous heart failure cells. 
Grossly, the liver appeared normal; microscopic 
sections showed a slight excess of portal connective 
tissue heavily infiltrated by lymphocytes, and more 
than the usual variation in size of the, hepatic cells, 
the larger of which often contained two nuclei. The 
adrenals contained unusually prominent cortical 
lipoid but were otherwise not remarkable. 

The kidneys each weighed 170 gm. and were of 
normal size. Their capsules stripped easily, revealing 
outer surfaces which were slightly irregular because of 
numerous rounded, pale, yellowish nodules approxi- 
mately 2 mm. in diameter. There was no pronounced 
scarring, the cortex appeared slightly thin, and the 
medulla and pelvic and ureteral tissues were normal. 
Microscopically, the cortex had a varied appearance. 
Scattered glomeruli were completely fibrosed but most 
were relatively intact. Among the latter there were 
occasional glomeruli with tufts adherent to the capsule 
or with loops adherent to each other. (Fig. 1.) Most 
glomeruli showed irregular thickening of capillary 
walls and various degrees of hyalinization; usually this 
was relatively mild and a few glomeruli appeared 
normal. Occasionally there was localized pericapsular 
fibrosis. A number of small, rounded, hyaline struc- 
tures appeared to lie within the lumens of glomerular 
capillaries. Many tubules were atrophied, sometimes 
to a degree which made them inconspicuous in the 
fibrous tissue of the stroma, which in places contained 
frequent lymphocytes. In other areas the tubules 
were of normal size; their epithelium sometimes con- 
tained hyaline droplets. Hyaline casts were seen fre- 
quently. The large- and medium-sized vessels showed 
some intimal thickening but little splitting or re- 
duplication of elastic laminas. Some arterioles were 
distinctly thickened, particularly in the atrophic zones, 
but this was not severe and many arterioles appeared 
normal. 


COMMENTS 


In this patient the urine was entirely normal 
as determined by the careful technic of Addis on 
no fewer than four widely separated occasions 
between at least six and probably eight relapses 
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Photomicrograph of renal tissue from patient 
O. R. B. Note glomerular adhesions, irregular thickening 
of tufts and tubular atrophy. 


of the nephrotic syndrome. Two episodes started 
in December and January, the remainder in 
April to June (Heymann and Startzman® noted 
a similar seasonal incidence in children with 
lipemic nephrosis). Allergic phenomena were 
prominent both in the past and in the illness un- 
der consideration; the onset occurred during 
administration of a vaccine and four relapses 
were related temporally to infections or hay 
fever. Erythrocytes and two blood casts were 
seen in the urinary sediment at first when mild 
arterial hypertension and retention of urea oc- 
curred. Hematuria was absent thereafter, in both 
remissions and relapses, until hypertension be- 
came persistent toward the end. 

Addis regarded this patient‘ and similar ones 
with polycyclic nephrotic syndrome as instances 
of “‘prerenal proteinuria,” due not to a primary 
renal lesion but rather to defective plasma pro- 
tein formation with renal degeneration conse- 
quent to tubular resorption of protein. *~’:* Table 
26 of his book® contains at least three instances 
of patients with recurrent syndromes, B. H., P. L. 
and T. C., and possibly a fourth, M. F., whose 
more detailed history appeared earlier'® as 
Case xix. It is of some interest that the same 
Table 26 also includes patient O. E., who had 
hives as a youth, hay fever, a bullous dermatitis 
and eczema, and patient D. R., in whom protein- 
uria followed antiluetic therapy; these patients 
had been reported earlier (Cases xitvim and L, 


or 
x 
»* or ‘ 
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respectively) as instances of cryptic degenerative 
Bright’s disease. *° 

Addis also made most of the following ob- 
servations in another case of polycyclic nephrotic 
syndrome. Patient A. J. (A50739) suffered from 
ichthyosis, eczema and urticaria since early 
childhood. At the age of two he was edematous 
for a year. In 1938 (aged fourteen) he was 
edematous for four months; proteinuria which 
was then present disappeared later. Edema and 
proteinuria returned in November, 1941, for 
the third time but had disappeared by March, 
1942, when all relevant examinations in this 
clinic were negative. Edema and proteinuria 
reappeared for the fourth time in January, 1946, 
and continued for more than a year before the 
former disappeared; proteinuria persisted there- 
after. The arterial pressure was 146/116 mm. 
Hg in 1941, 110/64 mm. Hg in 1942, 210/130 
mm. Hg in 1946 in relapse, remission and re- 
lapse, respectively. The urine contained 8 and 
80 million erythrocytes per twenty-four hours in 
1941 and 1946, respectively, in which years the 
concentrations of cholesterol in the serum were 
458 and 467 mg. per 100 ml. The patient died 
with uremia and arterial hypertension in 1952. 

Addis observed another patient in whom 
relapsing proteinuria appeared after a bee sting, 
and in still another patient in this clinic a few 
entirely normal specimens of adequately ex- 
amined urine were noted during the course of 
lipemic nephrosis which accompanied and fol- 
lowed ‘‘antigen sickness’ initiated by a _ bee 
sting. 

Barnett et al.!* described a patient with poly- 
cyclic nephrotic syndrome in whom each of 
three episodes was precipitated by the use of 
trimethadione; moderate degrees of arterial 
hypertension, microscopic hematuria and reten- 
tion of urea occurred in relapses. Derow'* 
reported on the course of a thoroughly studied 
patient in whom there were also three episodes 
of polycyclic nephrotic syndrome separated by 
intervals in which pertinent abnormalities 
disappeared. One relapse occurred three weeks 
after the use of penicillin for a boil on the wrist, 
other suppurative episodes were not followed 
by recurrence. Hypertension, hematuria and 
retention of nitrogen were virtually absent in 
relapses. Dr. Derow gave the following addi- 
tional information in a letter of March 25, 
1955: the patient suffered another series of boils 
early in 1949 without relapse; his arterial pres- 
sure and the results of careful urinalyses were 
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normal both in Dr. Derow’s hands later in 1949 
and 1950 and in an examination elsewhere; he 
was accepted for life insurance in September, 
1954; a dermatitis (eczema, atopic dermatitis or 
neurodermatitis) continued, but he was well 
otherwise except for hay fever. It is noteworthy 
that postural proteinuria was present temporarily 
during the second remission. Others*® report an 
increased incidence of postural proteinuria after 
apparent healing in nephrotic subjects and note 
this as a possible source of error in evaluating 
relapse or remission. This error was avoided by 
Derow.'* Another obvious pitfall, failure to find 
urinary abnormalities during apparent remis- 
sion because of inadequate urinalyses, probably 
was not a source of error in any of the cases 
reported or cited herein. 

Camelin et al.'* obtained a necropsy of one of 
their patients, a thirty-two year old man, in 
whom there were also two cycles. All the features 
of lipemic nephrosis were present in 1942 to 
1944; in March, 1946, proteinuria was absent 
and the concentrations of albumin, globulin and 
cholesterol in the serum had become normal, 
but relapse with uremia and hypertension oc- 
curred in October, 1946. The necropsy'® showed 
hyalinized, sclerotic, fatty glomeruli and fat in 
the tubules and elsewhere. Ehrich'® reported 
somewhat similar findings in a remarkable 
patient in whom the nephrotic syndrome per- 
sisted for seventeen years; although this was 
probably not a truly polycyclic syndrome, the 
clinical report mentions two negative urinalyses 
of urine specimens with high specific gravities. ‘7 

Heymann et al., with an extensive experience 
in children with the nephrotic syndrome, ob- 
served only one child with two spontaneous 
cycles.'* Major'® saw a patient with cycles of 
relapse separated by almost two decades. 
Contratto”® noted a relapse precipitated by in- 
fectious mononucleosis. In still another case, 
after a relapse following sixteen years of remis- 
sion terminated fatally, necropsy revealed 
polyarteritis and thrombosis of the renal veins 
without glomerular lesions;*' at least the poly- 
arteritis may have been the result of a reaction, 
with urticaria and asthma, to penicillin given 
after the onset of relapse. 

The nephrotic syndrome in patients with 
chronic quartan malaria has returned together 
with malaria after relatively enduring remissions 
of both induced by quinine.**** In recent years, 
of course, relapses have occurred in many 
nephrotic patients after more or less temporary 


AMERICAN JOURNAL OF MEDICINE 


Polycyclic Nephrotic Syndrome—Rytand, Cox 301 


and often incomplete remissions induced by 
cortisone, corticotropin, measles, etc. In all of 
the patients discussed, however, the remissions 
were spontaneous. 

Because these patients exhibited the triad of 
hematuria, hypertension and renal failure in 
varying degrees during relapses one might 
conclude that in each there were recurrences 
of repetitively healing glomerulonephritis. This 
interpretation receives superficial support from 
the demonstration of lesions of glomerulo- 
nephritis in two of the necropsies. 

Proliferative glomerulonephritis of the post- 
streptococcal variety (hemorrhagic Bright's 
disease) is not known to relapse after verified 
healing, nor does its nephrotic phase occur 
more than once.'~* On clinical grounds, there- 
fore, this type of nephritis seems an unlikely 
background for polycyclic nephrotic syndrome in 
the latter’s entirety. However this or a similar 
lesion might have contributed to the terminal re- 
lapse in some of the patients including O. R. B.; 
furthermore, the blood casts found early in 
the course of patient O. R. B. were probably 
associated with glomerulitis. Note should be 


taken that studies by means of renal biopsy have _ 
demonstrated that glomeruli may become al-— 


most completely hyalinized within five weeks. ** 

In addition to the rather unlikely possibility 
that these patients represent instances of recur- 
rent nephritis complicated regularly by a 
‘“‘nephrotische Einschlag,”’ there is also the 
possibility that their polycyclic nephrotic syn- 
dromes are fundamentally *“‘pure lipemic neph- 
rosis’” complicated by varying degrees of 
proliferative glomerulitis. The essential change 
in the nephrotic syndrome appears to be the 
excessive passage of plasma proteins through the 
glomerular basement membrane, which may 
become thickened with the lesions of so-called 
membranous glomerulonephritis.”*> In both hu- 
man material and in rats with the nephrotic 
syndrome evoked by immunologic methods, 
proliferative and exudative glomerular lesions 
have been found in addition to thickening of 
the basement membrane.*® The pathogenesis 
of these lesions is not necessarily that of the 
lesions with hemorrhagic Bright’s disease, al- 
though at times these are histologically rather 
similar. 

This interpretation appears the more attrac- 
tive, especially as spontaneous remissions occur 
during the course of experimental nephrotic 
syndrome of rats. '*:?7-?5 Dr. Heymann has kindly 
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written that during such remissions, which 
might last for several months before proteinuria 
recurred, ascites and edema were absent and 
proteinuria was not found although urinalyses 
were done at least weekly; hypertension may or 
may not have been present, and it was assumed 
that hyperlipemia was absent ordinarily al- 
though slightly increased fat values may have 
been present in some rats during remission.** 
Histologic lesions including focal glomerular 
scarring and adhesions were observed in rats 
that were believed to be cured*’:** and therefore 
may have been present during remissions as well. 
Furthermore, the technic of renal biopsy in man 
has produced evidence of thickening of the 
glomerular basement membrane and _ other 
anatomic abnormalities at times when there is no 
proteinuria at all in some patients or when this is 
minimal in others.**:*° It seems possible that 
polycyclic nephrotic syndrome may be asso- 
ciated with a continuing rather than a recurrent 
membranous glomerulonephritis, but additional 
observations are required to determine this. 


SUMMARY 


A detailed report is presented of a patient in 
whom there were at least six and possibly eight 
separate episodes of the nephrotic syndrome 
without proteinuria in remissions. 

Other examples of polycyclic nephrotic 
syndrome with two to four cycles of relapse are 
reviewed. In some not only the urine but also 
the blood proteins and lipids were normal in 
remissions. Microscopic hematuria, arterial 
hypertension and renal insufficiency were pres- 
ent in varying degrees during relapses. There 
was a high incidence of allergic manifestations 
in this group of patients. 

The patient described herein became uremic 
and hypertensive. Necropsy showed membranous 
glomerulonephritis with glomerular adhesions 
and fibrosis. Similar clinical courses occurred in 
at least two other patients, with comparable 
findings in one necropsy. 

Polycyclic nephrotic syndrome is probably not 
an exception to the observation that proliferative 
glomerulonephritis of the hemorrhagic Bright's 
disease type does not recur once it has healed. 
Rather it appears to be a variant of lipemic 
nephrosis clinically and may be associated with 
membranous glomerulonephritis. It is suggested 
that the glomerular lesion may persist during 
clinical remissions. 
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Hypertension Due to Segmental 
Infarction of the Kidney’ 


J. Avex Jr., m.p., Leo R. RApDIGAN, M.D. and ANDREW G. Morrow, M.D. 
Bethesda, Maryland 


NILATERAL renal disease as the causative 
factor in severe hypertension is a well 
established clinical entity. In remarkably few 
instances, however, has the time relationship 
between the kidney disease and the onset of 
hypertension been well documented. In the 
cases reported by Howard and associates’ in one 
patient hypertension developed seventeen days 
after a possible renal embolus. With non-oper- 
ative treatment this patient's blood pressure 
gradually returned to normal. In Perera’s 
survey’ there is a single case in which hyperten- 
sion is known to have developed within a year 
following renal artery obstruction. This patient’s 
blood pressure returned to normal after nephrec- 
tomy. Poutasse* has recently reported another 
case in which hypertension developed within 
five months following an embolus to the renal 
artery. This patient’s blood pressure also re- 
turned to normal following nephrectomy. 
We have recently had the opportunity to study 
a patient in whom the time relationship between 
renal infarction and subsequent hypertension 
was exceptionally well documented. 


CASE REPORT 


A forty-two year old housewife was admitted to the 
Surgical Service of the National Heart Institute on 
September 20, 1954 with the diagnosis of mitral steno- 
sis. She complained of progressive shortness of breath 
and marked fatigability. During the previous four 
years she had had three arterial emboli, one cerebral 
and two to the lower extremities. The blood pressure 
was 120/70. There was slow atrial fibrillation and the 
characteristic murmur of mitral stenosis. This diag- 
nosis was substantiated by angiocardiography, right 
heart catheterization and transbronchial left heart 
catheterization. 

At 5 a.m. on October 2, 1954, two days prior to pro- 
posed cardiac surgery, the patient was awakened by 
intense non-radiating pain in the left flank. She was 
slightly nauseated. Peripheral pulses were unchanged, 


the abdomen was soft and she was afebrile. A speci- 
men of urine contained no cells or albumin. 

A diagnosis of splenic infarction was made and the 
patient was given dicumarol. Within eighteen hours 


Fic. 1. Retrograde renal arteriogram demonstrating 
occlusion of the segmental artery to the lower pole of the 
left kidney. 


the pain had diminished and in three days disap- 
peared entirely. A specimen of urine collected four 
days after the onset of pain contained a trace of pro- 
tein but no cells or casts. A mitral commissurotomy 
was performed on October 19, 1954, seventeen days 
after the attack. The postoperative course was benign 
and the blood pressure remained normal. Whole blood 
urea nitrogen values of 15 and 17 mg. per 100 cc. were 
recorded in the postoperative period. The patient was 


* From the Clinic of Surgery, National Heart Institute, Bethesda 14, Maryland. 
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Fic. 2. The left kidney which was removed at operation. 
The lower pole is small and the segmental artery is oc- 
cluded by a thrombus. 


discharged to the care of her referring physician on 
November 24, 1954. 

She experienced a gradual increase in exercise toler- 
ance and had no dyspnea or pain. Frequent determi- 
nations of the blood pressure by her physician were 
normal. She remained well until January 2, 1955. On 
this day she experienced the first of daily frontal head- 
aches. On January 5, she saw her physician and was 
found to have a blood pressure of 160/110. There were 
no retinal changes. It had been ninety-five days since 
the episode of embolic pain. The headaches increased 
in severity and frequency and on January 10 her 
systolic blood pressure was 220 mm. Hg. She was 
found to have retinal hemorrhages and exudates. 
Specimens of urine at this time contained no ceils or 
protein. 

She was readmitted on January 13, 1955. The 
blood pressure at this time was 210/116. The pulse 
was 80. There was marked retinal arterial spasm and 
numerous globular and flame-shaped hemorrhages. 
There was striking A-V nicking but no papilledema. 

Examination of the urine was again normal. Blood 
urea nitrogen was 16 mg. per 100 cc. An intravenous 
pyelogram showed prompt bilateral dye excretion but 
there was diminished concentration on the left where 
the calyces were poorly visualized. A urine concentra- 


Fic. 3. Section through transition zone of left kidney 
showing necrotic glomeruli of the infarct partially re- 
placed by infiltrating fibrous tissue. The adjacent viable 
structures show segmental glomerular hyalinization and 
moderate endothelial proliferation of the smaller 
arterioles. 


tion test revealed a maximum specific gravity of 1.035. 
An intravenous regitine® test was negative. Hexa- 
methonium (15 mg.) was given intravenously over a 
fifteen minute period with a dramatic fall in blood 
pressure to 120/80, 

The patient was maintained on subcutaneous hexa- 
methonium, 15 mg. every four hours for forty-eight 
hours. During this period the systolic blood pressure 
was maintained below 180 mm. Hg and she remained 
free of headaches. Retrograde pyelography revealed 
contraction of the calyceal system on the left, compati- 
ble with a small left kidney. Differential volumetric 
urine samples showed that the volume excreted by the 
right kidney was ten times that of the left. The 
two hour phenolsulfonphthalein excretion was 54 per 
cent. 

During the second forty-eight hours of hospitaliza- 
tion it was necessary to increase the hexamethonium 
dosage to 25 mg. every three hours in order to main- 
tain a systolic pressure below 180 mm. Hg. There was 
intermittent return of frontal headaches. A retrograde 
aortagram was performed percutaneously by means of 
a catheter passed via the femoral artery to the level of 
the renal vessels. Twenty cc. of 70 per cent urokon”™ 
were injected at this site and serial films revealed oc- 
clusion of the inferior branch of the left renal artery. 
(Fig. 1.) A diagnosis of renal infarction secondary to 


AMERICAN JOURNAL OF MEDICINE 


| 
Q vpertension Due to Renal Infarction— Haller et al 
404 } é aller él al, 
= 
4 
4 
4 
i 
+. 
4a ~ 
4 


Hypertension Due to Renal Infarction— Haller et al. 305 


arterial occlusion seemed established. In the next 
forty-eight hours adequate blood pressure control 
became more and more difficult despite increasing 
doses of hexamethonium. 

On January 20, 1955, a left nephrectomy was per- 
formed. The lower pole of the excised kidney was re- 
placed by adipose and fibrous tissue in the infarcted 
area. The renal artery to this pole was occluded by 
organized thrombus. (Fig. 2.) Microscopically, this 
portion of the kidney showed almost complete medul- 
lary fibrosis. The tissue from the superior portion of the 
kidney revealed thickening of numerous glomeruli 
while others were hyalinized or scarred. The micro- 
scopic characteristics of, acute infarction were ob- 
served in the transition zone. (Fig. 3.) 

Postoperatively, the blood pressure did not exceed 
130 systolic for the first four days, but the blood urea 
nitrogen rose to 40 mg. per 100 cc. on the fifth post- 
operative day. At this time the patient again com- 
plained of mild headache and the blood pressure was 
210/100. The urinary output exceeded 2,000 cc. daily 
with a specific gravity of 1.008 to 1.010. On the sixth 
day after operation the blood urea nitrogen was 
56 mg. per 100 cc. and the highest blood pressure was 
180 95. Thereafter the blood urea nitrogen slowly fell 
and the blood pressure became stabilized at 140-160 
85-90. On the eighteenth day an intravenous pyelo- 
gram showed normal function of the right kidney. On 
the twenty-first day she was discharged. The blood 
urea nitrogen at this time was 30 mg. per 100 cc. and 
the blood pressure 140, 80. 

The patient has been asymptomatic for the past 
fourteen months and has gained eight pounds. Her 
blood pressure is 100/60. The urinalysis and blood 
urea nitrogen are normal. 


COMMENTS 


The postoperative course of this patient, com- 
plicated by transient return of elevated blood 
pressure, polyuria and azotemia, may in part 
reflect secondary vascular changes in the re- 
maining kidney. This assumption is based upon 
the extensive glomerular lesions observed in the 
viable portion of the excised kidney. These 
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changes were apparently secondary to the hyper- 
tensive state. The patient’s subsequent recovery 
emphasizes the reversibility of these lesions. 

In his original experimental studies, Gold- 
blatt* demonstrated the necessary role of paren- 
chymal ischemia in the production of hyper- 
tension. In this patient there was considerable 
viable tissue adjacent to the infarcted area and 
this may have represented such an area of renal 
ischemia. 

Perera* has emphasized the rapid and ‘“‘malig- 
nant’ course of hypertension associated with 
unilateral renal disease as contrasted with that 
seen in essential hypertension or bilateral renal 
disease. Eleven days after hypertension was first 
detected in this patient, she was seriously ill 
with constant headache, marked hypertension 
and retinopathy. 


SUMMARY 


A case is presented of unilateral renal infarc- 
tion resulting in hypertension ninety-five days 
later. The segmental arterial occlusion was 
demonstrated by retrograde aortography. Fol- 
lowing nephrectomy, the patient’s blood pressure 
returned to normal and has remained so for a 
period of fourteen months. 
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Tricuspid Stenosis’ 


Report of a Case, with Hemodynamic 
Studies at Tricuspid Commissurotomy 


Arvin J. GorbDon, M.D., GABRIEL GENKINS, M.D.,T ARTHUR GRISHMAN, M.D. and 
RoBert A. NABATOFF, M.D. 


New York, New York 


RICUSPID stenosis of sufficient severity to 
4 pom surgery is relatively rare. It is 
even more unusual to observe a patient in 
whom this lesion is not complicated by hemo- 
dynamically significant mitral stenosis or disease 
of other valves. We recently studied such a case 
and obtained simultaneous pressure pulse trac- 
ings on the operating table, before and after 
valvulotomy. This afforded us an opportunity to 
observe the clinical and hemodynamic effects of 
tricuspid stenosis in a heart that was unaffected 
by other valvular lesions. 


HISTORIC 


Hemodynamic studies in a case of ‘almost 
pure’ tricuspid stenosis, proved by surgery, 
were first published by Gorlin and Gorlin {7}. 
Ferrer et al. [2] discussed the physiologic implica- 
tions in one patient (with sinus rhythm) who was 
operated upon for mitral commissurotomy 
and who died the day after surgery. In this case, 
tricuspid stenosis of considerable degree was also 
present. [hese authors reconstructed the pres- 
sure curves from the right atrium and ventricle, 
redrawing them as if they had been recorded 
simultaneously, to emphasize the pressure gradi- 
ent during diastole. Considerable stress was 
placed on the pressure difference between the 
two chambers at the Z point, just prior to the 
onset of ventricular contraction. 

Individual instances of tricuspid valvulotomy 
have continued to appear in the medical 
literature [3-6]. McCord, Swan and Blount [7] 
reported three patients, in one of whom simul- 
taneous pressure pulses were obtained in the 


right atrium and right ventricle during cardiac 
catheterization, by means of a double-lumen 
catheter. 

The diagnosis of tricuspid stenosis was recently 
discussed in some detail by Gibson and Wood [4]. 
Their article includes physiologic data in fifteen 
cases, and presents pressure tracings in the right 
atrium and ventricle which were taken on the 
operating table before and after valvulotomy in 
one patient. In only one case, a patient with 
disseminated lupus erythematosus, was the 
tricuspid lesion thought to be an isolated one. 


CASE REPORT 


This was the first Mount Sinai Hospital admission 
for this thirty-two-year old white woman. At the age 
of six, following a succession of severe sore throats, 
tonsillectomy was performed. At that time a cardiac 
murmur was described, although no preceding episode 
of rheumatic fever was known. At the age of sixteen 
the patient had an appendectomy for a severe episode 
of abdominal pain. In the immediate postoperative 
period and for one year thereafter she suffered from 
multiple arthralgias and arthritis principally affecting 
the wrists, elbows and knees. A diagnosis of rheumatic 
fever was made and salicylates were given. At the age 
of eighteen the patient noted dyspnea, fatigue and 
palpitation on exertion, Orthopnea, paroxysmal noc- 
turnal dyspnea, peripheral edema or any other 
manifestation of congestive heart failure never de- 
veloped. There was no cough or hemoptysis. In 1955 
the patient was hospitalized for five days in another 
institution because of a persistent bout of palpitation. 
This responded readily to medical management. 

During the year prior to the present admission two 
symptoms became prominent. There was increasing 
fatigue on the mildest exertion, more severe than 


*From the Departments of Medicine and Surgery, The Mount Sinai Hospital, New York. This investigation 
was supported in part by a research grant (H-2168) from the National Heart Institute of the National Institutes of 


Health, Public Health Service. 
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Fic. 1. A, B, C and D. X-rays in posteroanterior, right lateral, left anterior oblique and right anterior oblique projec- 
tions. Note slight transverse enlargement in (A) with normal pulmonary vascular markings; absence of left atrial en- 
largement in (B and D) and shelf-like projection of large right atrium in (C). 
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Fic. 2. In electrocardiogram, note prominent P waves in leads V,, V2 and V>,, suggesting right atrial 


enlargement. 


previously noted. Secondly, the patient described at- 
tacks of sharp pain localized in the right upper 
quadrant of the abdomen, provoked by exercise. These 
had previously occurred once or twice a year but now 
became an almost daily occurrence, forcing marked 
restriction of activity. The pain responded to sedation 
and analgesics, and on several occasions improved 
after intramuscular injection of a mercurial diuretic. 
For these symptoms the patient presented herself to 
Dr. Charles Brim who referred her to one of us (R. N.) 
for surgical treatment. 

On physical examination she was a well developed, 
well nourished young white woman in no acute 
distress. The blood pressure was 120/70 and the pulse 
rate 84. All the significant findings were related to 
the cardiovascular system. There was no peripheral 
cyanosis, clubbing or edema. Peripheral arterial 
pulses were normal. Very prominent pulsations were 
noted in the neck and right upper quadrant. A hepato- 
jugular reflux was present. The jugular venous pulsa- 
tions were synchronous with the hepatic pulsations 
rather than with the carotid pulse. Clinically they 
were judged to be presystolic in time. The chest was 
normal in configuration. The lungs were clear to 
percussion and auscultation. Inspection and palpation 
revealed a point of maximum impulse in the sixth 
left intercostal space just lateral to the midclavicular 
line. Medial to the apex a short, harsh early systolic 
murmur, grade 2 to 3 in intensity, followed a mildly 
accentuated first sound. A_ holodiastolic rumbling 
murmur with presystolic accentuation was heard in 
the same area. These same murmurs were somewhat 
louder to the right of the xiphoid cartilage. At the 
base, the second pulmonic sound was not accentuated 


and was less prominent than the second aortic sound, 
A short, faint mid-diastolic blowing murmur was 
heard at times to the left of the sternum in the third 
intercostal space. No thrill was palpable nor could a 
valvular opening snap be heard with certainty at ans 
location. 

There was no clinical evidence of ascites. The liver 
was only minimally enlarged but very forceful 
pulsations, identical in timing with the jugular 
pulsations, were clearly appreciable. Manual pressure 
over the right upper quadrant elicited pain identical 
with that spontaneously experienced by the patient 
upon exertion. 

The blood count and urine analysis revealed values 
within normal limits. The red cell sedimentation rate 
was normal, 

Radiographic and fluoroscopic examination (Fig. 
1) showed no abnormalities of the lung and dia- 
phragms. Neither a double contour nor increased 
prominence of the middle segment of the left cardiac 
contour was noted, The heart was enlarged to the 
right with a rounding of its right contour. In the left 
anterior oblique projection the right atrial segment 
was seen to protrude anteriorly with an increased 
anterior convexity. The barium-filled esophagus was 
very slightly indented and displaced posteriorly, On 
fluoroscopic examination the right atrium and supe- 
rior vena cava showed vigorous presystolic pulsations. 
A small linear calcification was seen at the junction of 
the inferior vena cava and the cardiac silhouette; this 
was thought to be in the pericardium, 

The electrocardiogram (Fig. 2) showed regular 
sinus rhythm with markedly prominent P waves in 


leads V1, V2 and V3. In V1 the P wave was diphasic 
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Fic. 3. Vectorcardiogram— horizontal, sagittal and frontal projections. There is a normal QRS sE loop. The P loop, 
_ which is inscribed within the larger QRS loop, is unusually prominent and is directed anteriorly, suggesting right 


atrial enlargement. 


and in V2 and V3 the P-R interval was depressed. 
These findings were regarded as suggestive of right 
atrial preponderance. The vectorcardiogram (Fig. 3) 
showed the atrial vector wo be anteriorly oriented, 
which was most suggestive of right atrial preponder- 
ance. Neck vein and liver pulse tracings showed very 
prominent A waves. Phonocardiograms revealed a 
prolonged diastolic murmur with presystolic accentua- 
tion to the right of the sternum at the fourth and fifth 
intercostal spaces. A similar murmur was recorded 
over the apex. Accessory sounds such as the opening 
snap of the mitral or tricuspid valves were not noted, 
nor was the second sound reduplicated. 

Upon cardiac catheterization the catheter entered 
and coiled in a very large right atrium. Repeated 
attempts to enter the right ventricle with catheters of 
different sizes failed. Pressure pulses taken within 
the right atrium revealed giant A waves. (Fig. 4.) 

Although the diagnosis of tricuspid stenosis ap- 
peared to be established, mitral stenosis could not be 
ruled out. Because tricuspid valvulotomy in the pres- 
ence of mitral stenosis might lead to a serious degree 
of pulmonary vascular congestion, it was decided to 
explore the left side of the heart and first perform 
mitral valve surgery if necessary. The advisability of 
bilateral commissurotomy at the same operation, by 
means of an anterior, sternal-splitting] approach, 
was considered but rejected in favor of a two-stage 
operation. 

First Operation. On December 6, 1955 the left 
pleural cavity was entered through the fourth inter- 
costal space. The lungs, the ‘left atrium and left ven- 
tricle were normal in appearance The left atrial 
appendage was small. A faint diastolic thrill was 
palpable over the right side of the heart but not over 
the left, and direct auscultation with both a stetho- 
scope and a condenser microphone disclosed a diastolic 
murmur in a corresponding location. 

Simultaneous pressure pulses in the left atrium, left 
ventricle and aorta (Fig. 5) were obtained by needle 
puncture according to a method previously de- 
scribed [9] in which all three manometers are adjusted 
to equal sensitivity and the tracings inscribed with 
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TRICUSPID STENOSIS (P.G.) 
CATHETERIZATION 


Fic. 4. Right atrial pressure pulse obtained during 
cardiac catheterization, showing giant A wave. (In this 


and all subsequent pressure tracings, paper speed was 
50 mm./sec., and electrocardiogram was lead 2. Heavy 
time lines are 0.2 seconds apart.) 


identical zero points and equal ordinate scales. As 
seen on the oscilloscopic screen, there was no ap- 
preciable filling pressure gradient between the left 
atrium and ventricle, indicating the absence of mitra! 
stenosis. The left atrial appendage was so small that 
it did not permit insertion of the surgeon’s index finger 
and the mitral valve was explored with the fifth 
finger instead. The edges of the valve were slightly 
thickened but there was no stenosis or indeed any in- 
terference with valve function. A biopsy specimen of 
the lung was taken, which was subsequently reported 
as normal. 

Second Operation. The patient withstood the first 
procedure well. The second stage was performed nine 
days later, through the right fourth intercostal space. 
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TRICUSPID STENOSIS (P.G) 
PRESSURESON LEFT SIDE OF HEART 


Fic. 5. Simultaneous triple pressures in the left atrium, 
left ventricle and aorta during the first operation. 


Fibrinous pericarditis was present, an expected result 
of the initial operation. The heart presented a most 
unusual appearance, in that a huge right atrium was 
the only structure visible in the wound, It extended 
down to the diaphragm and medially underneath the 
sternum. It was tense, bluish in color, and contracted 
vigorously. The right ventricle could not be im- 
mediately identified. The pulmonary artery was 
finally felt beneath the sternum and the location of the 
right ventricle just inferior to it was established when 
a characteristic pressure pulse was obtained by needle 
puncture. Simultaneous pressure pulses in the right 
atrium and ventricle exhibited a distinct filling pres- 
sure gradient, and established the diagnosis of 
tricuspid stenosis. (Figs. 6 and 7.) The surgeon, insert- 
ing an index finger through the atrial appendage 
(which was not particularly large) located the tri- 
cuspid valve with some difficulty. It was medial, rather 
than inferior, to the atrium. The valve was funnel- 
shaped and did not admit a finger tip. No commis- 
sures could be identified. After considerable manipula- 
tion the valve was widely split, by the finger, in a 
posterolateral direction so that it was estimated that it 
would easily admit two fingers. A small regurgitant 
jet which was palpable at the beginning of the 
procedure could not be felt at the completion of 
valvulotomy. 

The atrium began to shrink in size almost immedi- 
ately, lost its turgor, and its contractions were less 
vigorous. Pressure pulses obtained about fifteen min- 
utes after valvulotomy revealed a marked decrease in 
the height of the A wave and in the filling pressure 
gradient between atrium and ventricle. (Figs. 8 and 9.) 

Although recovery after both operations was un- 
eventful, it was not until after the second procedure 
that symptomatic improvement was noted. Despite 
distress from the bilateral wounds the patient noted 
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TRICUSPID STENOSIS (PG) 
BEFORE VALVULOTOMY 


| 
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Fic. 6. Pressure pulse obtained in the right atrium dur- 
ing the second operation, before valvulotomy. 


absence of the sense of heaviness in the right upper 
quadrant which, coupled with pain, had been a chief 
symptom. As soon as she became ambulatory activity 
was tolerated far better than after the first procedure. 

She subsequently became pregnant and delivered 
without difficulty. 


HEMODYNAMIC STUDIES 


The right atrial pressure pulse obtained at 
cardiac catheterization (Fig. 4) revealed a giant 
A wave, reaching a height of 12 to 14 mm. Hg. 
A sharp drop in pressure occurred with atrial 
relaxation, with a relatively rapid rise during 
early ventricular contraction, and subsequent 
plateau. The mean right atrial pressure was 
8 mm. Hg. Excluding atrial contraction the 
pressure in the atrium during the greater part of 
diastole was low, about 4 mm. Hg. In the 
absence of a ventricular curve for comparison, 
this fact’cast some doubt upon the diagnosis of 
tricuspid stenosis. 

Pressures in the left side of the heart during the 
first operation (Fig. 5) were probably within 
normal! limits. The left atrial pressure pulse was 
of normal configuration, and the mean left atrial 
pressure was 5 mm. Hg, a normal figure. With 
the exception of the early diastolic dip in the 
ventricle (possibly an artefact) the atrial and 
ventricular curves did not diverge during 
diastole. The anacrotic notch in the aortic 
pressure pulse is probably an artefact. We have 
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1G. 7. Double simultancous pressures in right atrium and ventricle, before valvulotomy. 


occasionally seen slight systolic pressure gradi- 
ents between left ventricle and aorta in the pres- 
ence of a normal aortic valve. 

At the second operation pressure pulses ob- 
tained from the right atrium and right ventricle 
revealed the following: The contour of the 
right atrial curve (Fig. 6) was essentially the 
same as that obtained during cardiac catheter- 
ization, taking into consideration the more rapid 
heart rate during surgery. The absolute pressure 
values, however, were considerably higher 
(Table 1), the peak of the A wave now being 
20 mm. Hg and the mean right atrial pressure 
12 mm. Hg. These differences were attributed in 
greatest part to errors in adjustment of the 
pressure transducers at the mid-right atrial 
level at the time of catheterization. The latter 
level was particularly subject to question as even 
the x-ray studies failed to reveal the extent of 
right atrial enlargement. 

Of greatest interest were the simultaneous 
tracings taken from the right atrium and ven- 
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tricle (Fig. 7) which disclosed a considerable 
atrioventricular filling pressure gradient, which 
was large at the beginning of diastole, increased 
during atrial contraction, and finally dropped to 
zero just before the onset of ventricular contrac- 
tion. The diastolic pressure in the right ventricle, 
which amounted to 3 to 5 mm. Hg at the end of 
ventricular relaxation, rose during and after 
atrial contraction to an average of 8 mm. Hg. 
In other respects the right ventricular pressure 
pulse was normal, with average peak systolic 
pressures of 22 mm. Hg. 

Further analysis of the right atrial curve in 
relation to ventricular contraction demonstrates 
that the early systolic rise in pressure (C wave) 
is slow and at times delayed in onset; that the 
subsequent drop in pressure during the “‘descent 
of the base”’ (X-descent) is slight or absent, and 
greatly delayed, causing the C and V waves to 
fuse during some beats; that the drop in right 
atrial pressure after the opening of the tricuspid 
valve (Y-descent) is a gradual one; and that the 
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TABLE 1 
PRESSURES IN THE RIGHT ATRIUM AND VENTRICLE BEFORE AND AFTER VALVULOTOMY (MM. HG) 


Right Ventricle 


Peak systole 
Before valvulotomy............ 22 


After 21 8 


End-diastole Mean 


Right Atrium 


Mean Atrio- ~ Brachial 
cart 
ventricular Artery 
‘A’ Wave Gradient (cuff) 
(peak) 
12 20 6 )7 105/80 
9 10 1 94 100/85 


TRICUSPID STENOSIS (P.G) 
AFTER VALVULOTOMY 


ay 


0 


Fic. 8. Right atrial pressure pulse, after valvulotomy. 
Compare with Figure 6. 


highest pressure in the atrium is only 2 mm. Hg 
below the peak systolic pressure in the ventricle. 

After valvulotomy (Figs. 8 and 9) there was a 
marked drop in the height of the A wave in the 
right atrial pressure pulse, and a smaller drop in 
mean right atrial pressure. There was less rise in 
atrial pressure during ventricular systole. The 
atrioventricular filling pressure gradient was 
almost completely abolished. 


COMMENTS 


Although the presystolic murmur in this pa- 
tient was heard to the right of the xiphoid carti- 
lage as well as over the apex, it contributed 
relatively little to the diagnosis of tricuspid 
stenosis. More important were the evidences of 
right atrial enlargement in the x-ray and of right 
atrial hypertrophy in the electrocardiogram, 


vectorcardiogram, venous and hepatic pulse trac- 
ings and the right atrial pressure pulses obtained 
during catheterization. 

It is true that large right atrial A waves and 
their sequelae are found in other conditions, par- 
ucularly pulmonary valvular stenosis with or 
without atrial septal defect; cor pulmonale; some 
cases of mitral stenosis; and in pulmonary 
hypertension due to other lesions [9]. It has 
been emphasized by Gibson and Wood [8] and 
by Chesterman and Whitaker [4] that giant A 
waves are only suggestive of tricuspid stenosis 
in the absence of signs of right ventricular 
hypertension. 

By the same token, the onset of atrial fibrilla- 
tion in a patient such as this would eliminate 
many of the features pointing to tricuspid stenosis 
and the diagnosis could then be made with cer- 
tainty only by establishing an atrioventricular 
filling pressure gradient during cardiac catheter- 
ization. Failure to enter the right ventricle dur- 
ing cardiac catheterization may be of some 
importance in pointing to a diagnosis of tricuspid 
stenosis. 

It is of interest to compare the hemodynamic 
abnormalities in tricuspid stenosis with those 
encountered in mitral stenosis. In a series of eight 
cases of mitral stenosis in which simultaneous 
left atrial, left ventricular and aortic pressures 
were obtained on the operating table before and 
after valvulotomy [70,77], the mean filling pres- 
sure gradients were usually considerably higher 
than that encountered in the present case of 
tricuspid stenosis, averaging 13 mm. Hg as com- 
pared to 6 mm. Hg. This is mainly a reflection of 
the higher mean pressures encountered in the 
left atrium than in the right. On the other hand, 
the absolute height of the A wave was of the 
same order of magnitude in the right atrium as 
in the left. 
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TRICUSPID STENOSIS (P.G.) 


AFTER 


VALVULOTOMY 
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Fic. 9. Same pressures as in Figure 7, after valvulotomy. 


It has recently been shown |/2] that in the 
normal human heart the Z point pressure in the 
left atrium and the ventricular end-diastolic 
pressure are generally higher on the left side than 
on the right, presumably because of the greater 
distensibility of the right venoatrial system. 
However, the absence of any difference in the 
two atrial pressures at the onset and peak of 
atrial contraction suggested that right atrial 
contraction may normally be more vigorous 
than left atrial contraction. 

The present study indicates that right atrial 
contraction in tricuspid stenosis is much more 
vigorous and contributes more to ventricular 
filling than does left atrial contraction in mitral 
stenosis. This is borne out both by the pressure 
pulses and by direct observation of the atrial 
contraction in the exposed heart. These con- 
siderations suggest also that the onset of atrial 
fibrillation may be more serious in tricuspid 
than in mitral stenosis. 

The concept of a pressure gradient across a 
stenotic valve is a useful one, both for diagnosis 
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and for determining the effectiveness of sur- 
gery [7/7]. It should be emphasized, however, 
that the mean filling pressure gradient has the 
greatest hemodynamic significance. The maxi- 
mum diastolic gradient at any one point may be 
of little importance, as in a patient without 
tricuspid stenosis but with giant A waves due to 
one of the other causes previously mentioned; 
whereas the present case demonstrates that the 
gradient at the end of diastole (Z point) may be 
absent in cases of marked tricuspid stenosis. 


Similar considerations apply to mitral stenosis 


with atrial fibrillation and prolonged diastolic 
periods [70]. 

“It should be pointed out that tricuspid stenosis 
may or may not prevent the development of left 
atrial hypertension and its concomitant phe- 
nomena when mitral stenosis coexists. Several 
cases have been reported [4,6] of proved tight 
mitral and tricuspid stenosis associated with 
normal pulmonary artery and “pulmonary 
capillary” pressures at cardiac catheterization. 
Apparently the important deciding factors are 


| 
ment 
fp A ATRIUM 


314 


the chronologic development of the two lesions 
and their relative severity. For this reason the 
finding of a left atrium and pulmonary vascula- 
ture of normal size by fluoroscopy, and of 
normal “‘pulmonary capillary” and pulmonary 
artery pressures, does not rule out mitral 
stenosis in a patient with advanced tricuspid 
stenosis. In the present state of our knowledge 
it is probably desirable to obtain pressures on 
both sides of the mitral valve in such cases, and 
perhaps even to explore the mitral valve digi- 
tally, to insure that severe mitral stenosis is not 
overlooked. 


SUMMARY 


A case of uncomplicated tricuspid stenosis, 
probably rheumatic in origin, is described. 
The case afforded a rare opportunity to study 
the clinical and hemodynamic effects of pure 
tricuspid stenosis. 

The diagnosis was suggested by signs and 
symptoms of right atrial hypertrophy, as well 
as by a presystolic murmur heard over a wide 
area. The cardiac catheter failed to enter the 
right ventricle but a giant A wave was present 
in the right atrial pressure pulse. 

Hemodynamic studies on the operating table 
before valvulotomy disclosed a mean atrio- 
ventricular filling pressure gradient of 6 mm. 
Hg. After valvulotomy the gradient fell to 1 mm. 
Hg. Comparison with similar data obtained in 
patients with mitral stenosis disclosed consider- 
ably higher preoperative gradients. 
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HE strides made in the understanding of the 
ieee mechanisms have explained many 
heretofore unaccountable hemorrhagic phenom- 
ena. Perhaps in no phase of the coagulation 
problem has this been more evident than in 
platelet function. Progress in this field has been 
summarized by Stefanini and Dameshek!' and 
Ackroyd.? 

Hemorrhagic disease resulting from platelet 
dysfunction has been a subject of interest to 
clinicians and investigators since the original 
description by Glanzmann’ in 1918 of a bleeding 
diathesis attributed to a qualitative platelet de- 
fect, or “‘thrombasthenia.” Cases have been 
reported*~'? in which the bleeding or the hemor- 
rhagic diathesis was attributed to abnormally 
functioning platelets. In the group first described 
by Von Willebrand’* the vascular factor rather 
than the platelet factor appeared to be domi- 
nant. The functional pathology of the platelet 
has recently been summarized by Van Creveld, '* 
and Soulier and Larrieu'® in an extensive review 
have attempted to correlate the clinical and 
pathophysiologic characteristics of the cases in 
the literature. 

The literature on osteogenesis imperfecta dis- 
closes an accompanying bleeding tendency in an 
occasional case which is usually attributed to a 
vascular defect; detailed investigations have not 
been reported, with the exception of Gautier and 
Guinard-Daniol’s case'* which is compared with 
our own in the discussion of our report. 

We have recently had the opportunity to 
study a young man with osteogenesis imperfecta, 
tarda type, who also had a hemorrhagic disease. 


CASE REPORT 


B. McD., a twenty-five year old white man, was 
admitted to the Medical Service of the Cook County 


Hospital, Chicago on January 24, 1955. He had had a 
rhinoplasty performed two weeks before because of a 
deformity resulting from a previous nasal fracture, 
and had had epistaxes in the interval. He had had 
about thirty mild to moderately severe epistaxes 
during his life, either spontaneously or associated with 
minimal trauma. Six episodes of nasopharyngeal 
hemorrhage had required multiple direct blood trans- 
fusions as life-saving measures. One of the episodes was 
precipitated by head trauma. Transfusions of bank 
blood had failed to effect hemostasis in those instances. 
There was a history of repeated fractures. The pa- 
tient’s first fracture occurred at the age of six; osteo- 
genesis imperfecta had been diagnosed at the age of 
nine. There was also a history of easy bruising. A 
chronic non-productive cough, unassociated with 
hemoptysis, had been present for fifteen years. His 
father, paternal uncle and sister were also known to 
have osteogenesis imperfecta. The father was separated 
from his family, so that neither he nor the uncle was 
available for study. 

Physical examination revealed a fairly well devel- 
oped, alert and cooperative man. There was an in- 
crease in the bitemporal diameter of the skull; the 
forehead was broad, high and rather flat; the occiput 
was prominent. The scleras were blue. The extremities 
were long and slender with only minimal bone de- 
formities at the sites of old fractures. There was moder- 
ate anterior bowing of both tibias, with some discolor- 
ation over the right tibia. Moderate kyphoscoliosis 
and compensatory emphysema were present. 

The significant laboratory findings at the time of the 
original admission were as follows: red blood cells 3.44 
million per cu. mm.; hemoglobin 55 per cent (8.5 
gm.); white blood cells 9,700 per cu. mm.; neutrophils 
75, bands 6, lymphocytes 12, monocytes 7. The plate- 
lets numbered 530,000 per cu. mm. and showed 
moderate anisocytosis. Reticulocytes were 1.9 per cent 
of the red blood cells. The red cells showed moderate 
anisocytosis, slight hypochromia and polychromato- 
philia. The granulocytes were slightly toxic. Bleeding 
time was in excess of twenty minutes; coagulation time 
was ten minutes, thirty seconds; clot retraction was 


* From the Hematology Laboratory and the Hektoen Institute for Medical Research of the Cook County Hospital. 
Aided by grants from the Olivia Sue Dvore, Edward Friedman, and Bernice B. Hirsch Foundations. 
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TABLE I 


RESULTS OF BASIC COAGULATION FUNCTION 


TESTS IN EXAMINATION OF THE PATIENT 


Recalcified Coagulation 


Date Bleeding Time Rumpel-Leede Coagulation Time Time Prothrombin Time 
1/31/55 Over 20 min. ++++ 1006 
2/10/55 Over 20 min. ++++ 11 min. 20 sec. 225 sec. : 100% 

TT TT 10 min. 250 sec. 100% 


8/12/55 Over 20 min. 


normal; prothrombin time was thirteen seconds (100 
per cent); the Rumpel-Leede test was strongly posi- 
tive. Serum non-protein nitrogen, total protein, 
calcium, phosphorus and gamma globulin values 
were normal. Marrow, obtained from the iliac crest, 
was moderately cellular. The megakaryocytes were 


TABLE I 
SERUM PROTHROMBIN DETERMINATION * 


Determination 
Serum Fresh 
Date Nor- asm: 
ate Pro Nor yosouneng BaSO. Old 
throm- mal (Plate- 
Plasma Serum 
bin Saline let- 
(sec.) (sec.) 
1/31/55 20 22 24 35 30 
2/10/55 23 27 27 60 43 
4/29/55 20 22 20 40 22 
8/12/55 22 22 22 22 37 
17 19 


8/19/55; 18 19 19 


* Determinations (3 hour) on the dates indicated were 
performed on whole blood. Additive substances as indi- 
cated were mixed with whole blood prior to clotting. ‘The 
addition of saline provided a control for the effect of 
dilution. The sources of the additives were different on 
each occasion and were obtained from patients with a 
normal serum prothrombin time. 


increased in number and showed many small, “ught™ 
and dark-staining forms; the nucleated red blood 
cell:white blood cell ratio was approximately 
1:2; erythropoiesis was normoblastic; granulopoiesis 
was moderately “‘toxic’’; a moderate increase in lym- 
phocytes, reticulum cells and plasma cells was noted. 
Treatment was conservative during hospitalization. 
Epistaxes subsided; transfusions were not necessary. 
Before discharge the red blood cells were 4.21 million 
per cu. mm.; hemoglobin 71 per cent (11.0 gm.); 
white blood cells 9,550 per cu. mm.; neutrophils 78, 
lymphocytes 16, monocytes 3, eosinophils 3 per cent. 
The patient’s twenty-one year old sister was also ex- 
amined. She displayed the characteristic stigmata of 


osteogenesis imperfecta but was otherwise normal. 
Her bleeding time, coagulation time, Rumpel-Leede 
test and prothrombin consumption were all within 
normal limits. She could not be induced to return for a 
thromboplastin generation study. 

To evaluate the patient’s bleeding tendency the fol- 
lowing studies were performed: Bleeding time, by the 
method of Duke;"* coagulation time, according to Lee 
and White; platelet and reticulocyte counts, modi- 
fied after Dameshek;!* Rumpel-Leede test;*°  pro- 
thrombin and prothrombin consumption (serum 
prothrombin) times, after Quick;*! heparin retarda- 
tion test (heparin tolerance) of Rosenthal;* anti- 
thrombin test of Innerfield;** recalcified clotting 
time;** thromboplastin generation test, according to 
Biggs and Douglas.*® 


RESULTS 


The bleeding time was consistently prolonged 
to over twenty minutes. The Rumpel-Leede test 
remained positive. The coagulation time, the 
prothrombin time as well as antithrombin and 
heparin retardation limits were always normal. 
The recalcified clotting time was consistently 
borderline abnormal. (Table 1.) The serum pro- 
thrombin times (prothrombin consumption) 
were considered abnormal on each of five exami- 
nations. In our laboratory, normal values have 
ranged between forty and eighty-five seconds in 
over one hundred controls. Only rarely did a 
control show a serum prothrombin time between 
thirty-five and forty seconds. There were no con- 
trol values below thirty-five seconds. Some 
inconsistencies were noted in the results of the 
serum prothrombin (consumption) times follow- 
ing the addition of corrective substances (fresh 
plasma, barium sulfate precipitated plasma, old 
serum) to our tests. At no time did fresh plasma 
cause significant correction (allowing for dilu- 
tion effect) but some variable effect was noted 
with the other substances. (Table u.) 

Using a modification of the technic previously 
employed by Alexander and Landwehr,** 
Sussman and his coworkers'* and De Vries and 


AMERICAN JOURNAL OF MEDICINE 


t 


{ 

| 

‘ 

{ 


Platelet Functional Defect in Osteogenesis Imperfecta—Svegel et al. 


his associates,*’ and since used by Neeley and his 
colleagues, *" a comparison was made of the effect 
of normal platelets and of the patient’s platelets 
on the prothrombin consumption of a patient 
with a platelet count of 19,000. This thrombo- 
cytopenia was of a secondary (amegakaryocytic) 


TABLE Ul 
EFFECT ON PROTHROMBIN CONSUMPTION * 


3 Hour | 


3 Hour 
Serum Pro- Serum Pro- 
Additive Substance thrombin thrombin 
Time—Tube ‘Time— Tube 
1(sec.) (sec.) 
Patient's platelets in saline 
21 | 37T 
Norma! platelets in saline | 
79 88 
Patient's platelet-poor | 
17 19 
Normal platelet-poor 
awe 17 | 17 


* Produced by the addition of the platelets of the 
patient and of a normal control and by the addition of 
platelet-poor plasma of the same subjects. The substrate 
is whole blood of a thrombocytopenic patient with ab- 
normal prothrombin consumption. 

t This result is mentioned in the text. 


type, resulting from marrow replacement by 
metastases. (Table im.) The effect of normal 
platelet suspension and normal platelet-poor 
plasma on the prothrombin consumption of the 
patient was also tested. (Table 1v.) These studies 
revealed that the patient's platelets caused little 
increase in prothrombin consumption in the 
thrombocytopenic blood; whereas normal plate- 
lets corrected the defect. Normal platelets also 
corrected the abnormal prothrombin consump- 
tion of the patient’s blood whereas normal fresh 
platelet-poor plasma had no effect in either 
case. 

The thromboplastin generation test is based 
on the fact that antihemophiliac globulin (AHG), 
plasma thromboplastin component (PTC), 
plasma thromboplastin antecedent (PTA) and 
normal platelets, when incubated in a wettable 
test tube in the presence of factors V and VII 
and Ca**, will produce a potent thromboplastin 
which can be substituted for preformed thrombo- 
plastin in the one-stage prothrombin determina- 
tion. The generation mixtures were tested at 
one-minute intervals for eight minutes. The 
thromboplastin generation curves representative 


FEBRUARY, 1957 


317 


of this test are shown in Figure 1. Of prime 
importance is the fact that none of the generation 
mixtures containing the patient’s platelets dem- 
onstrated significant thromboplastin activity. On 
the other hand, all combinations in which nor- 
mal platelets were used with any other compo- 


TABLE IV 
EFFECT ON PROTHROMBIN CONSUMPTION OF THE 
PATIENT'S BLOOD * 
3 Hour 3 Hour 
Serum Pro- Serum Pro- 
Additive Substance thrombin thrombin 
Time—Tube Time—Tube 
1 (sec.) (sec.) 
Norma! platelets in saline 
35 | 109 
Normal platelet-poor 


* Produced by the addition of normal platelets and by 
the addition of normal plasma. The extreme latitude 
noted is discussed in the text. 


nents of the patient’s blood consistently showed 
rapid generation of an efficient thromboplastin. 


COMMENTS 


Prior to the introduction of the prothrombin 
consumption test, cases of “thrombasthenia”’ 
could be evaluated only by such relatively 
insensitive or non-specific technics as coagula- 
tion time, bleeding time and estimations of clot 
retraction.** By means of the prothrombin con- 
sumption test one could at least implicate the 
platelets by eliminating the known plasma fac- 
tors. This test was employed by Van Creveld 
and Paulssen,*® Hirsch and his associates*! as 
well as by the investigators already cited. Other 
workers* continue to stress possible abnormali- 
ties in platelet morphology and agglutinability. 
By adding platelet suspension to the deficient 
substrata the effects on clotting time,*’ pro- 
thrombin consumption and clot retraction can 
be observed. 

A more specific delineation of platelet func- 
tions has also been evolving. Ware and _ his 
colleagues** have demonstrated a prothrombin 
accelerator factor as well as a factor accelerating 
the conversion of fibrinogen in platelet extract. 
Rapport* isolated a vasoconstrictor from plate- 
lets which was chemically identified as 5, 
hydroxytryptamine. Van Creveld and Pauls- 
sen*®.*7 identified an antiheparin and a thrombo- 
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plastic factor successively in the phosphatide 
fraction of platelets. Stefanini and Campbell** 
separated these two factors by absorption meth- 
ods, and Deutsch***° further identified their 
physicochemical and _ physiologic properties. 
Chemical arid physiologic methods for assaying 


Thromboplastin Generation 
Thrombasthenia 


— 


Min. 1 2 3 4 5 6 7 & 


Pt. pits. + pt. serum + pt.plasina a 
Pt pits. + nor. serum + nor plasma ——— b 
Nor. pits. + nor serum +nor plasma 
Nor. pits.+ pt. serum + pt. plasma 6 


Fic. 1. Representative curves demonstrating the de- 
ficiency of thromboplastic function (factor 3) of the 
patient's platelets. 


the platelet vasoconstrictor (serotonin) have 
also been described.*!:*? 

The function of platelets in clot retraction has 
been indicated by Quick, Shanberge and Stefan- 
ini.4* The work of Fonio* attributes this function 
to the hyalomere portion of the platelets. 

The confusion in the identification and de- 
lineation of cases characterized by abnormal 
platelet function has been*tompounded by the 
eponymic designations applied to these syn- 
dromes before their detailed investigation was 
possible. One may wonder whether or not such 
classic syndromes as those of Glanzmann, Von 
Willebrand, Willebrand-Jurgens and Naegeli 
will have any meaning as our knowledge 
expands. 

Bernard and coworkers*® have grouped the 
thrombopathies into two classes depending on 
their hemostatic and coagulation function and 
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platelet morphology. One of these groups is 
characterized by normal coagulation time and 
clot retractions, abnormal -prothrombin con- 
sumption and bleeding time. Our case seems to 
correspond to this group. We do not draw any 
conclusion from the moderate platelet anisocyto- 
sis observed in our study. Their second group 
is characterized by deficient clot retraction 
and non-agglutination of platelets but normal 
prothrombin consumption time. 

The clinical manifestations of the hemorrhagic 
diathesis manifested by the patient are familiar 
and not uncommon: The ready bruising, the 
frequent epistaxes and the abnormal bleeding 
from superficial lacerations. The bleeding may 
rarely reach magnitude severe enough to require 
emergent medical care, and detailed study con- 
sequently may not be stimulated. Normal bleed- 
ing and coagulation times, platelet counts and 
clot retraction could have tended to rule out the 
major hemorrhagic diseases in the patient's 
earlier years. At later examinations a single 
determination of the serum prothrombin time 
may not have been definitely abnormal, perhaps 
falling into the questionable range which we 
obtained in some of our examinations. (Table 
u.) It would perhaps have been logical at that 
time to ascribe such a bleeding tendency to a 
vascular defect. 

Relatively unrefined technics and the complex 
biologic variables in the reactions themselves 
account for the variation found when testing for 
the participating factors in normal hemostasis. 
Particularly this is true in our attempts to 
evaluate the production and actions of that sub- 
stance or group of substances termed “‘thrombo- 
plastin.”’ We were nevertheless able to note the 
effect of the suspected platelets on prothrombin 
consumption and on thromboplastin generation. 

The thromboplastin generation test has thus 
far proved to be of greatest value in the analysis 
of these problems. Its use in evaluating the 
plasma factors has been well described by Ramot 
and associates*®*’ and Biggs and Douglas;** 
Soulier and coworkers* have indicated its use in 
evaluating the thromboplastic activity of plate- 
lets. The test is difficult and time-consuming but 
it does provide information not adequately given 
by other technics. Our use of this technicclearly 
established a deficiency in the thromboplastic 
function (factor 3) of the platelets, as shown in 
Figure 1. The test as performed utilized all possi- 
ble combinations of normal platelets and 
patient’s platelets, barium sulfate precipitated 
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plasma, serum and substrate. None of the mix- 
tures in which the patient’s platelets were used 
produced an active thromboplastin efficiently, 
when compared with controls. The results have 
been consistent on repeated testing. 

The inconsistencies in the serum prothrombin 
time determinations (Table u) with the addition 
of various corrective substances has already been 
noted. If a deficiency of any known plasma 
coagulation factor existed, fresh plasma should 
have corrected the defect. This did not occur 
in our testing. The other reagents were proba- 
bly at times contaminated with disintegrated 
platelets or platelet particles. Tables m and 1v 
also show instances of variations in results, only 
one of which (Table m) reflects on the signifi- 
cance of the findings. The possibility of technical 
errors is inherent in this procedure, because 
extensive handling of platelets is required. 
Repetition of this procedure was not undertaken 
inasmuch as the thromboplastin generation test 
is more sensitive and informative. 

It would be highly desirable to evaluate the 
serotonin activity of the patient’s platelets when 
the methods become applicable. A determina- 
tion of this function might help explain the 
vascular fragility noted in this case. 

The final questions concern themselves with 
the relationship between the platelet defect and 
osteogenesis imperfecta, and the significance of 
the similarity of our case to that of Gautier and 
Guinard-Daniol.'* They described a thirteen and 
one-half month old girl who showed abnormalities 
of clot retraction whereas the other tests in her 
coagulation profile were normal. The mother, 
who is stated to have had blue scleras without 
osseous disease, presented an abnormal pro- 
thrombin consumption test and impaired clot 
retraction. The father also had abnormal pro- 
thrombin consumption and clot retraction. It is 
unlikely that two such rare conditions as osteo- 
genesis imperfecta and thrombopathy should 
coexist by chance alone, even though Gautier 
and Guinard-Daniol believed this to be the case. 
This concept is understandable since they found 
no similar concurrence in the literature. We be- 
lieve, however, that these cases represent con- 
genital defects involving two tissues of mesen- 
chymal origin, the osseous system and the 
thrombocytes. It also seemed evident that the 
bleeding tendency in this patient was due, at 
least in part, to a vascular abnormality. Since 
we were unable to test the platelets for serotonin 
activity, we cannot say whether a serotonin 
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deficiency or some intrinsic vascular defect 
caused the increased capillary fragility. Evalua- 
tion of the bleeding tendency in patients with 
osteogenesis imperfecta by the methods now 
available should help clarify this point and un- 
cover the precise nature of the platelet and 
vascular defect. 


SUMMARY AND CONCLUSIONS 


The case of a young man with osteogenesis 
imperfecta, tarda type, associated with a 
hemorrhagic diathesis is presented. 

Studies revealed increased capillary fragility, 
prolonged bleeding time and abnormal pro- 
thrombin consumption. His platelets could not 
correct the prothrombin consumption time of 
thrombocytopenic blood, and were markedly 
deficient in producing an active thromboplastin 
by the thromboplastin generation test of Biggs 
and Douglas. Normal platelets corrected his 
abnormal prothrombin consumption and throm- 
boplastin generation. The findings localize the 
deficiency to the thromboplastic function of his 
platelets. Whether the increased vascular fragil- 
ity was due to a deficiency of serotonin or 
to an intrinsic vascular disease could not be 
determined. 

The development of interest in pathologic 
platelet function is briefly outlined, and methods 
for the identification of definite platelet func- 
tions, together with tests for their integrity, are 
described. It is suggested that the clinical syn- 
dromes previously associated with “throm- 
basthenia”’ will have to be re-evaluated in view 
of these advances. 

Another case of osteogenesis imperfecta asso- 
ciated with functional platelet abnormality has 
been previously reported. It is probable from the 
similarities between that case and ours that 
these two mesenchymal defects are related and 
not simply coincidental. The bleeding tendency 
associated with osteogenesis imperfecta has in 
the past been imperfectly delineated, and there- 
fore more detailed studies in the light of new 
developments, are warranted when these condi- 
tions coexist. 


ADDENDUM 


The administration of therapeutic doses of 
cortisone to the patient corrected the Rumpel- 
Leede test but had no effect on the platelet func- 
tion as determined by thromboplastin genera- 
tion. Very recently serotonin levels of the pa- 
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tient’s serum and platelets (kindly performed 
by Dr. Edward Walaszek, Assistant Professor 
of Neurophysiology at the University of Illinois 
College of Medicine) were low before and after 
cortisone treatment. At this time, we can not 
draw any definite conclusions from these findings. 


Acknowledgments: The authors are indebted 
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Chronic Erythrocytic Hypoplasia in Adults’ 


Review of Literature and Report of a Case 


SHinH YUAN Tsar, M.D. and C. Levin, M.D. 


Galveston, Texas 


HE term “hypoplastic anemia” (‘‘aplastic 
§ gunner ) denotes by long usage a condition 
characterized by hypoplasia of all the erythro- 
cytic, myelocytic and megakaryocytic elements 
in the bone marrow and pancytopenia in the 
circulating blood. When the hypoplastic process 
is confined to the erythrocytic series, the bone 
marrow demonstrates normally proliferating 
myelocytic and megakaryocytic elements and 
the resulting anemia is not accompanied by 
leukopenia or thrombocytopenia. This atypical 
or unusual form of hypoplastic anemia has been 
known among children.' Its occurrence in adults 
is rare. Indeed, as a hematologic entity in adults, 
it has been mentioned in only two of the hema- 
tology texts in English.” *4 We were able to find 
twenty-six case reports of this condition in adults, 
ten of which have been published since 1953, 
including the one observed by ourselves. These 
twenty-six cases, all proved by bone marrow 
biopsy, form the basis of this review. (Table 1.) 


TERMINOLOGY 


Different terms have been applied to this 
atypical form of hypoplastic anemia. In chil- 
dren, the condition is generally designated 
‘chronic hypoplastic anemia” (of Diamond and 
Blackfan;! Josephs;* and Benjamin®), ‘“‘chronic 
congenital aregenerative anemia,”’* “‘congenital 
hypoplastic anemia’’*’ or “‘erythrogenesis im- 
perfecta.”® The illustrative but ambiguous 
name, “‘pure red cell anemia,” was first used by 
Lescher and Hubble.‘ Other terms include 
‘“‘progressive postinfectious 
erythrophthisis,’’’:'° “isolated aplastic anemia,’’* 
‘“anerythropoietic anemia,’’!' “(chronic or ac- 
quired) erythrocytic hypoplasia (aplasia),”’'*~'* 
“essential erythro- 
blastopenia,”’*’ “‘red cell aplastic anemia,’’'* and 


‘(pure or primary) red cell aplasia.”’'*~*! Pend- 
ing standardization of the terminology, we 
choose for the present to use “chronic erythro- 
cytic hypoplasia.” 
INCIDENCE 

Among the twenty-six patients, fifteen were 
men and eleven were women. [he age incidence 
ranged from twenty (Case No. 8) to sixty-seven 
years (Case No. 15), with a majority (eighteen 
patients) in the fifth, sixth and seventh decade of 
life. Iwo of the twenty-six patients were 
Negroids; all the rest were Caucasoids. This con- 
dition does not appear to have been noted 
among the Mongoloids. In Cases No. 13 and 14 
in this series the patients were brothers. No 
occupational or social predisposition was noted, 


CLINICAL SYMPTOMATOLOGY 


The onset of chronic erythrocytic hypoplasia 
was insidious. The patients sought medical 
advice because of symptoms of severe anemia. 
Their usual chief complaints were general weak- 
ness, shortness of breath, lethargy, headache, 
palpitation, vomiting, anorexia, dizziness, faint- 
ness, precordial pain on exertion, amenorrhea, 
ankle edema and fever. The constant finding on 
physical examination was pallor; other signs of 
severe anemia may also be present. Clinical en- 
largement of the liver was reported in seven 
patients (Cases No. 4, 13, 15, 16, 23, 24 and 25) 
and clinical enlargement of the spleen in five pa- 
tients (Cases No. 4, 13, 16, 23 and 25). The 
actual incidence of splenomegaly and hepato- 
megaly as shown at autopsy and surgically was 
higher. Some authors believe that enlargement 
of the liver and spleen occurs only after repeat 
blood transfusion with its complications of 
hemochromatosis and acquired hemolytic ane- 


* From the Department of Internal Medicine, University of Texas Medical Branch, Galveston, Texas. Abstract 
presented at the Southern Section of the American Federation for Clinical Research (Clinical Research Proceedings, 


2:113, 1954). 
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mia.*"** While this is true in most instances, 
there are exceptions. For example, the enlarged 
spleem found on splenectomy appeared to be a 
primary feature of chronic erythrocytic hypo- 
plasia in Case No. 14. 


HEMATOLOGIC FINDINGS 


The distinctive hematologic features of chronic 
erythrocytic hypoplasia have been succinctly 
stated by Seaman and Koler'* as follows: (a) a 
chronic profound normocytic normochromic or 
macrocytic normochromic anemia, with de- 
creased or absent reticulocytes; (b) a cellular 
marrow exhibiting normally active leukocytic 
and thrombocytic series but marked hypoplasia 
to virtual absence of nucleated cells of the 
erythrocytic series; (c) normal differential and 
usually normal total leukocyte counts, although 
leukopenia and leukocytosis may occur; (d) nor- 
mal thrombocyte level and absence of hemor- 
rhagic phenomena; and (e) no extramedullary 
hemopocisis. These form the diagnostic criteria 
for chronic erythrocytic hypoplasia. 

The red cells occasionally showed anisocytosis 
and poikilocytosis (Cases No. 14, 20 and 26). The 
life span of the transfused normal red cells by the 
Ashby technic was normal (Cases No. 14, 20 and 
24). An increased life span of the chronic 
erythrocytic hypoplasia patient's own red cells 
has been suggested'*®'* but laboratory data on 
this are lacking. The iron utilization as indicated 
by plasma radioactive iron clearance was 
reduced (Case No. 14). The Coombs’ test was 
negative (Cases No. 21, 22, 24 and 26). The 
osmotic fragility of the patient’s red cells was 
normal (Case No. 21). In children with chronic 
erythrocytic hypoplasia, the presence of “hem- 
atogones”’ (suspected progenitors of the erythro- 
cytic series) in the marrow was a frequent 
finding.** This was not observed in this adult 
series except possibly in Cases No. 21 and 22, 
in which small dark “lymphoid” cells were 
noted in the marrow.” In his cases of children 
with chronic erythrocytic hypoplasia, Cathie 
noted that red cell maturation fails at the late 
erythroblastic stage on bone marrow culture.* 
His finding suggests that “‘maturation arrest” 
rather than hypoplasia is the pathologic process 
in chronic erythrocytic hypoplasia. Bone mar- 
row culture studies have not been applied to the 
adult cases. 

A coexistent hemolytic anemia was definitely 
present in four patients in this series (Cases No. 
13, 19, 23 and 25). In these patients, increased 
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hemolytic index, positive Coombs’ test, short- 
ened life span of transfused normal red cells by 
the Ashby technic and shortened life span of the 
patient’s own red cells by radioactive chromium 
method were noted, but no reticulocytosis was 
demonstrated. The hemolytic component in 


TABLE I 
rWENTY-SIX CASES OF CHRONIC ERYTHROCYTIC 
HYPOPLASIA IN ADULTS 


Year Authors and 
No. Age 
1. 1922 Kaznelson* M, 58 
2. 1933 Kloster?? M, 62 
3. 1937 Hurst and Kark,?* Kark" | M, 30 
4. 1937 Kark™ 
5. 1941 Davidsohn?* F, 58 
6. 1942 Mackey*® M, 46 
7. | 1942 Heilmeyer® M, ? 
8. | 1942 | Moeschlin and Rohr" F, 20 
9. | 1943 MacFarlane and Curric** M, 24 
10. | 1943 Strauss" 
11. 1945 Humphreys and Southworth?’ F, 58 
12. 1946 Begemann'* | M, 59 
13. 1951 | Loeb et al.** | M, 25 
14. 1951 | Loeb et al.” M, 23 
15. | 1952 Seaman and Koler'' M, 67 
16. | 1952 | Seaman and Koler'’ F, 40 
17. | 1953 | Chediak et al.*" M, 47 
18. 1953 | Foy and Kondi"™ M, 46 


19. | 1954 | Tsai and Levin M, 64 


20. | 1954 Sakol*® M, 51 
21. 1954 Chalmers and Boheimer*® M, 48 
22. 1954 Chalmers and Boheimer*’ F, 62 
23. 1954. Ross et al.*! F, 44 
24. 1954 Ross et al.*! F, 45 
25. Eisemann and Dameshek™ F, 58 
26. 1955 Fountain and Dale?! | F, 49 


Cases No. 13, 19 and 23 apparently followed 
repeated blood transfusions; but in Case No. 25, 
hemolysis was claimed to have occurred simul- 
taneously with the selective erythrocytic hypo- 
plasia of the bone marrow.** 

Eosinophilia of the circulating blood and bone 
marrow was noted in Cases No. 3, 4, 8, 10, 18 
and 19. It was believed to be a primary though 
transient finding of the chronic erythrocytic 
hypoplasia in Case No. 8 and was used as sup- 
porting evidence for the allergic theory of the 
pathogenesis of chronic erythrocytic hypo- 
plasia.‘* The eosinophilia in Case No. 10 was 
apparently related to sulfathiazole toxicity. 
Among the rest of the patients, it appeared 
to be secondary to treatment such as liver extract 
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and blood transfusions. Eosinophilia has not 
been reported to be an integral part of chronic 
erythrocytic hypoplasia in children.**:** Hista- 
mine-fast achlorhydria was observed in five 
patients (Cases No. 4, 12, 17, 19 and 26); but 
was by no means a constant finding. In fact there 
are no other characteristic laboratory signs in 
chronic erythrocytic hypoplasia besides the 
hematologic ones mentioned previously. 


COURSE AND PROGNOSIS 


Although one of the refractory anemias, 
chronic erythrocytic hypoplasia in adults is 
much less likely to be fatal than the classic type 
of hypoplastic anemia. [n this series, ten patients 
were reported to be dead: five patients were 
improved or had maintained blood hemoglobin 
and red cell levels at the time of the report; and 
eleven patients were reported to have recovered. 

Among the ten patients who died (Cases No. 
l, 2, 2, 4, 5, 6, 8, 9, 15 and 19), the ile span 
varied from three weeks (Case No. 1) to eleven 
years (Case No. 3) with an average of about 
three years. Transfusion reaction was stated to 
be the immediate cause of death in Cases No. 3, 
4, 8, 9 and 15; and bronchopneumonia or sepsis, 
in Cases No. 2, 5, 6 and 19. Immediate cause 
of death was not mentioned in Case No. 1. 

Among the five patients reported improved 
(Cases No. 12, 20, 22, 23 and 24), the main- 
tenance of relatively normal blood hemoglobin 
and red cell levels was due to repeated blood 
transfusions in Cases No. 12, 20, 23 and 24: and 
to ACTH after thymectomy and splenectomy in 
Case No. 22. 

Among the eleven patients reported to be re- 
covered or cured (Cases No. 7, 10, 11, 13, 14, 16, 
17, 18, 21, 25 and 26), the recovery was spon- 
taneous in Cases No. 7 and 10. The cure was 
attributed to thymectomy with removal of 
benign thymoma in Cases No. 11 and 17; to 
splenectomy in Cases No. 14 and 25; to ACTH 
and/or cortisone after splenectomy in Cases 
No. 13 and 21; to cobalt in Cases No. 16 and 
26: and to riboflavin in Case No. 18. It should 
be noted that the same measures and agents 
had been used in other patients of this series 
without such good result. Thus thymectomy with 
removal of benign thymoma produced only 
transient or no improvement in Cases No. 21, 
22, 23 and 24. Splenectomy alone produced only 
transient or no improvement in Cases No. 13, 19, 
21, 22 and 23. ACTH and/or cortisone after 
splenectomy resulted in only temporary tm- 
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provement but no permanent recovery in Cases 
No. 19 and 22. Cobalt did not elicit an erythro- 
poietic response in Cases No. 19, 20, 21,°23 and 
24. Multivitamin preparations containing ribo- 
flavin were used in Case No. 19 without any 
beneficial effect hematologically. Since spon- 
taneous remission and recovery of chronic 
erythrocytic hypoplasia do occur in adults as 
well as in children,**'~** critics may raise the 
point that the reported cures in this series may 
have been in some instances purely fortuitous 
rather than due to the therapy. Nevertheless 
these are the measures that deserve further trial. 

To maintain a relatively normal level of blood 
hemoglobin and red cells, repeated blood trans- 
fusions have been the mainstay (for example 290 
blood transfusions in nine years in Case No. 3 
and 174 blood transfusions in cight years in 
Case No. 23). With this regimen however are 
associated all its complications: particularly 
hemochromatosis, which was noted in half the 
patients of this series. ACTH and or cortisone 
alone, or before splenectomy, appeared to 
produce either slight or no improvement tn 
this adult series; the result appeared to be some- 
what better in children.” ** Chronic erythrocytic 
hypoplasia in this series, as in children, has not 
been found to respond to the following: tron, 
copper, arsenic (Fowler's solution), crude liver, 
stomach preparation, hydrochloric acid, pent- 
nucleotide, ascorbic acid, folic acid, citrovorum 
factor, liver extract, vitamin By», multivitamin 
preparations, thyroid and stilbestrol. The com- 
plication of infection was rather frequently seen 
in this series, but it is difficult to assess the sus- 
ceptibility as compared with that in normal peo- 
ple and patients with the classic type of hypo- 
plastic anemia. Patients with chronic erythrocytic 
hypoplasia have normal leukocytic responses to 
pyogenic infections. It is said that in children 
chronic erythrocytic hypoplasia appears to play 
no deleterious role in recovery from infection.* 
This also seems to be true in adults. It is, how- 
ever, of interest to note that in Case No. 4, a 
transient episode of agranulocytic angina was 
precipitated by concurrent mastoiditis and that in 
Case No. 12, exacerbation of chronic erythro- 
cytic hypoplasia was precipitated by an attack of 
cholecystitis. 


ETIOLOGIC CONSIDERATION 


The following varied etiologic factors are sug- 
gested for chronic erythrocytic hypoplasia in 
adults. 
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Congenital. It has long been implied that 
chronic erythrocytic hypoplasia in children is of 
congenital origin. The occurrence of this con- 
dition in early infancy without any obvious 
environmental factor supports this thesis. As 
chronic erythrocytic hypoplasia may undergo 
spontancous remissions or remain stationary, the 
affected children may reach adulthood with 
normal physical development.**** Cases No. 13 
and 14 (brothers) appear to belong to this 
category. This may also apply to the other 
younger patients of this series; but it is difhicult 
to ascribe this defect to the majority of the 
patients, in whom chronic erythrocytic hypo- 
plasia was not diagnosed until after the fourth 
decade of life. 

Chemeals. Sulfathiazole was definitely in- 
criminated in Cases No. 10, 15 and 16; and 
benzol in Case No. 7. In all other patients, no 
history of exposure to such agents was noted. 
Another case has been reported in which selec- 
uve erythrocytic hypoplasia followed bismuth 
and neosalvarsan.** As the duration of the 
erythrocytic hypoplasia in this particular patient 
was only one week (recovery on cessation of the 
bismutharsenotherapy and blood transfusion 


occurred), the case has not been included 
here. 
Bemgn Tiymoma. Seven of the twenty-six pa- 


tients in this series have been found to have a 
coexistent thymoma (Cases No. 5, 11, 17, 21, 22, 
23 and 24), with one of them also having 
mvasthenia gravis (Case No. 21). Ross et al. 
have published an excellent review of these 
cases and have pointed out that the coexistence of 
benign thymoma and chronic erythrocytic 
hypoplasia may not be a chance occurrence."' 
They suggest that the conditions are etiologically 
related in that an endocrine imbalance may be 
the underlying cause for both; thymoma may be 
directly responsible for chronic erythrocytic 
hypoplasia or vice versa. It should be empha- 
sized, however, that benign thymoma is not 
exclusively associated with chronic erythrocytic 
hypoplasia but may also occur coincidentally 
with the classic type of hypoplastic anemia. Ross 
et al. further suggest that surgical exploration 
and possibly resection of the thymus be con- 
sidered in chronic erythrocytic hypoplasia. 
Inasmuch as the thymus is essentially a pre- 
pubertal organ, one would expect it to play an 
even more important role in chronic erythrocytic 
hypoplasia in children, but studies in this con- 
nection are lacking. Carcinoma of the stomach 
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was present in Case No. 4 and carcinoma of the 
lung in Case No. 19. It is doubtful whether or not 
they had any bearing on the causation of chronic 
erythrocytic hypoplasia; no metastatic lesion was 
noted in either patient. 

Immune Body Reaction and Hypersplenism. Aller- 
gy associated with infection and toxin (including 
chemicals) has been suggested to be the cause 
of chronic erythrocytic hypoplasia,’:'*'®'* but 
there has been no laboratory proof of an immune 
body reaction in this regard. Smith was the first 
to demonstrate a definite immune body mecha- 
nism in the pathogenesis of chronic erythrocytic 
hypoplasia by finding isoimmunization by the 
blood group factor “A” in an infant afflicted 
with this disorder.*® In this series, in Case No. 25 
simultaneous occurrence of chronic erythrocytic 
hypoplasia and hemolysis and cure of both after 
splenectomy was exhibited.** Eisemann and 
Dameshek, who reported this case, suggested 
therefore than an autoimmune hemolytic mecha- 
nism was involved and that a splenic factor acted 
on the red cell precursors to cause complete 
inhibition of erythropoeisis. They considered 
chronic erythrocytic hypoplasia in this case to be 
a form of (secondary) hypersplenism even 
though the reticulocytopenia in association with 
the complete lack of erythropoeisis in the marrow 
is unique in acquired autoimmune hemo- 
lytic anemia and in contradistinction to the 
usual reticulocytosis and striking erythrocytic 
hyperplasia. 

In support of Eisemann and Dameshek’s view 
that autoimmunization may cause chronic 
erythrocytic hypoplasia is the report of a similar 
case in a child by Bonham-Carter, Cathie and 
Gasser.*' The fact that ACTH and /or cortisone 
after splenectomy has effected a permanent cure 
or temporary recovery in other patients of this 
series may also be used as partial evidence of 
immune body reaction and secondary hyper- 
splenism in the pathogenesis of chronic erythro- 
cytic hypoplasia. On the other hand, it has been 
stated before that the hemolysis in these pa- 
tients can be secondary to repeated blood trans- 
fusions given as treatment for pre-existing 
chronic erythrocytic hypoplasia. A good exam- 
ple is Case No. 23, in which splenectomy cured 
the complicating hemolytic component but did 
not influence the erythrocytic hypoplasia. Inthe 
other patient in this series that was cured by | 
splenectomy, Case No. 14, there was no evidence 
of autoimmunization or hemolysis. Is it to be 
construed that this case represented an unusual 
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form of primary hypersplenism? The answer is 
probably no; for if this is the case, then one would 
expect much higher curative results of splenec- 
tomy in chronic erythrocytic hypoplasia than 
noted in this series of adults and in children.*** 
To further our understanding, study with splenic 
extract from patients with chronic erythrocytic 
hypoplasia would be in order. 

Metabolic Defect. Altman and Miller have 
reported ¢xcessive excretion of anthranilic acid 
(a metabolite of tryptophane) in the urine of 
children with chronic erythrocytic hypoplasia, 
suggesting thereby an inborn error of trypto- 
phane metabolism in these patients.** Since 
anthranilic acid is most likely to accumulate 
under conditions of riboflavin deficiency, these’ 
authors administered large doses of riboflavin to 
children with chronic erythrocytic hypoplasia. 
But whereas there appeared to be a decrease in 
the urinary excretion of anthranilic acid with the 
administration of riboflavin, no change in the 
hematologic status was reported. These authors 
also noted that in cases where splenectomy 
effected improvement in children with chronic 
erythrocytic hypoplasia, the excessive urinary 
excretion of anthranilic acid was not reduced. 
The .possible relation between this metabolic 
defect and chronic erythrocytic hypoplasia thus 
remains to be clarified. 

Of interest in this series is the cure of chronic 
erythrocytic hypoplasia with riboflavin in Case 
No. 18, reported by Foy and Kondi.'* They 
noted, however, that their patient showed no 
clinical evidence of riboflavin deficiency and 
that riboflavin deficiency has not been known to 
cause generalized or selective hypoplasia of the 
marrow in patients or experimental animals. 
The study of anthranilic acid in urine has not 
yet been applied in this or other adult patients 
with chronic erythrocytic hypoplasia. ‘ 

Renal insufficiency. “Renal insufficiency with 
uremia has been known to be associated with 
selective erythrocytic hypoplasia (and usually 
also a hemolytic component) in both patients 
and experimentdl animals.**~*° In this series, 
renal insufficiency has not been incriminated 
as the primary cause of chronic erythrocytic 
hypoplasia. In case No. 10 renal infection was 
present but it was not severe enough to result in 
renal insufficiency with uremia. In case No. 19 
there was terminally severe renal tract infection 
with uremia and the uremia might have been the 
exacerbating factor in the end (see case report 
below). In most cases in this series there was no 
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apparent cause whatsoever. And no common 
denominator can be readily discerned among the 
various factors mentioned above. 

The disorder of the white blood cell series 
corresponding to chronic erythrocytic hypo- 
plasia is the “chronic hypoplastic neutropenia” 
reported by Spaet and Dameshek.* In chronic 
hypoplastic neutropenia there is isolated hypo- 
plasia of the myelocytic series and the resulting 
neutropenia is generally not accompanied by 


,anemia or thrombocytopenia. It is interesting to 


note that in four cases of chronic hypoplastic 
neutropenia, Spaet and Dameshek did not 
demonstrate a hypersplenic mechanism. That 
chronic erythrocytic hypoplasia does occur has 
been used hematologically as an argument in 
favor of the separate genesis of thie erythrocytic, 
myelocytic and megakaryocytic series (poly- 
phyletic theory of blood formation).* '* On the 
other hand it has been suggested that chronic 
erythrocytic hypoplasia may begin as an initial 
total depression of the marrow from which there 
is recovery of the other series but irreversible 
damage of the ‘erythrocytic series.'* Definite 
proof of this hypothesis is yet to be found. Sull 
others have quoted Nordenson’s theory of the 
functional uniformity of bone marrow and sug- 
gest that isolated hypoplasia of the erythrocytic 
series is not expected to remain long without 
affecting the other two series.** The incidence of 
chronic erythrocytic hypoplasia terminating in 
the classic type of hypoplasic anemia in children 
is not known. In this series only one’ patient 
(Case No. 4) also had thrombocytopenia ter- 
minally, suggesting hypoplastic involvement of 
the megakaryocytic series. 

It can be noted that most of the factors in- 
criminated in the causation of chronic erythro- 
cytic hypoplasia have also been known to be 
responsible for the classic type of hypoplastic 
anemia. Are the two conditions therefore re- 
lated? Another question to be asked is: Do acute 
erythroblastopenic crisis and chronic erythro- 
cytic hypoplasia also represent different phases 
of the same underlying process? As known 
today, acute erythroblastopenic crisis is by no 
means a complication only of congenital 
hemolytic anemias, but may also be caused by 
most of the etiologic factors previously enu- 
merated, and its duration may be much 
longer than formerly recognized.*’ The distinc- 
tion between “acute” and “‘chronic”’ is after all 
artificial. But to answer both questions in the 
affirmative at present only leads to the new 
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question of the mechanism of production of one 


particular type of the three hypoplastic syn- 


dromes by the same etiologic agent in different 
patients. 

To summarize, the clinical manifestations of 
chronic erythrocytic hypoplasia in adults differ 
little from those in children: but the etiologic 
factors involved seem to be even more variable 
in adults. The elucidatiqn of the mechanism of 
erythrocytic hypoplasia remains a challenging 
problem. 


CASE REPORT 


Case No. 19 is reported here as an example of 
chronic erythrocytic hypoplasia in an adult. The 
patient, A. G. (unit history No. 14250), a sixty-four 
vear old married white man, was admitted to the 
Medical Service of the University of Texas Medical 
Branch Hospitals on December 9, 1952. His present- 
ing symptoms were weakness, shortness of breath, 
faintness, palpitation, nervousness and loss of weight 
- for some fourteen months. He had been diagnosed to 
have a severe anemia, with the red cell count as low 
as one million at one time. Iron, liver extract, folic 
acid, vitamin B,, and multivitamin preparation had 
been administered without any effect and over forty 
blood transfusions had been given. His past health 
had been good except for the usual childhood diseases, 
influenza (1918) and traumatic amputation of the 
right thumb (1946). However, since the onset of the 
present illness, he had had two episodes of pneumonia. 
He had been an oil field worker, cattle buyer, worker 
at magnesium plant (World War u) and grocer. He 
had smoked one package of cigarettes a day for many 
years. There was no drug habit. In the family history 
it was noted that his grandfather died of “heart 
trouble”; tuberculosis was denied. 

The physical examination on admission revealed 
pallor, slight pitting edema of the ankles, reducible 
right indirect inguinal hernia, absence of vibration 
sense in the legs, grade 1 benign hypertrophy of the 
prostate and impaired memory for recent events. The 
spleen and liver were not felt. There was no jaundice, 
lymphadenopathy or glossitis. The blood pressure 
was 130/80. 

Laboratory findings: The hemogram revealed the 
following, red blood cell count 1.09 million per cu. 
mim., hemoglobin 3.8 gm. per 100 ml., red cell volume 
11 ml. per 100 ml., mean corpuscular volume 101 cu. 
micron, mean corpuscular hemoglobin 35 ug., 
mean corpuscular hemoglobin concentration 34.6 
gm./100 ml., reticulocytes 0 per cent, platelets 171,- 
820 per cu. mm., white blood cell count 6,100 per 
cu. mm. with 70 per cent neutrophils, 3 per cent 
eosinophils, 21 per cent lymphocytes and 6 per cent 
monocytes. Three biopsy specimens of bone marrow 
were taken from the sternum and the right and left 
iliac crests; all showed norma! cellularity and normal 
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myelocytic and megakaryocytic series, but only a 
few nucleated erythrocytic elements (megaloblast 
and erythroblast). The myeloid:erythroid ratio was 
65:1. Urinalysis revealed occasional albuminuria, 
microscopic hematuria, casts and increase of white 
cells. Gastric analysis after histamine demonstrated 
achlorhydria. Electrocardiogram showed occasional! 
atrial premature contractions; no definite evidence of 
myocardial damage. The blood Kolmer and Kahn 
tests, blood non-protein nitrogen, fasting blood 
glucose, serum albumin and globulin, cephalin 
Hocculation test, upper gastrointestinal series, barium 
enema and radiologic bone survey were all within 
normal limits or negative. 

Hospital course: No hematologic response was 
noted with the following regimen of high protein 
diet, dilute hydrochloric acid, ascorbic acid, multi- 
vitamins, vitamin B,, (1,000 wg. in 250 ml. plasma by 
intravenous infusion), ACTH (20 units intra- 
muscularly every six hours for two weeks) and cort- 
sone (300 mg. as initial dose and gradually reduced to 
25 mg. daily for eight days). Twelve pints of whole 
blood were transfused. The patient was discharged 
from the hospital on February 14, 1955. 

On March 30, 1953, the patient was readmitted for 
exacerbation of the symptoms of anemia. It was 
learned that during this interval, a carbuncle of the 
neck had developed from which he had recovered 
with penicillin therapy. The physical findings were 
the same as on the first admission plus noticeable blue- 
gray pigmentation of the skin. The hemogram re- 
vealed a red blood cell count of 1.98 million per cu. 
mm., hemoglobin 5.3 gm. per 100 ml., reticulocytes 0 
per cent, platelets 261,360 per cu. mm., a white blood 
cell count of 5,400 per cu. mm. with 73 per cent 
neutrophils, 1 per cent basophiles, 4 per cent eosino- 
phils, 11 per cent lymphocytes and 11 per cent 
monocytes. A biopsy specimen of the bone marrow 
showed selective erythrocytic hypoplasia as before 
(myeloid:erythroid ratio 56:1) and eosinophilia and 
toxic granulation of the myelocytic elements. Urinaly- 
sis revealed occasional albuminuria, microscopic 
hematuria, urobilinogenuria and bilirubinuria. Fast- 
ing blood glucose level was 130 mg. per 100 ml. 
Serum bilirubin was 1.3 mg. per 100 ml. with 0.67 
mg. per 100 ml. of the direct reacting type. Brom- 
sulfalein test showed 20 per cent retention of dye at 
end of forty-five minutes. A needle liver biopsy 
specimen of the liver confirmed the clinical impression 
of hemochromatosis. 

After transfusion of ten pints of blood, splenectomy 
was performed on April 17, 1953. The spleen weighed 
390 gm. and the histopathologic diagnosis was con- 
gestive splenomegaly. Following splenectomy, the 
usual leukocytosis and thrombocytosis were noted but 
there was no increase in reticulocytes and the blood 
hemoglobin and red cell levels continued to fall. 
The bone marrow one week after splenectomy showed 


the same selective erythrocytic hypoplasia as pre- 
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viously. On April 28, 1953, another course of 1,000 yg. 
of vitamin By» in 250 mi. of plasma by intravenous 
infusion was administered without effect. As the 
anemia became worse, ACTH administration was 
again instituted May 23, 1953, thirty-four days after 
splenectomy, this time by intravenous drip of 20 units 
in 1,000 ml. of 10 per cent glucose in distilled water 
over an eight hour period daily. On June 9, 1953, the 
last day of the eighteen day course of the intravenous 
ACTH therapy, the reticulocyte count was noted 
to be 7.9 per cent, and on June 12, 1953, it rose to 
_ the peak of 17.6 per cent. 

A biopsy specimen of the bone marrow on June 12, 
1953 revealed marked hyperplasia of the erythrocytic 
series instead of the previous hypoplasia, and the 
myeloid: erythroid ratio was 2.2: 1. With cessation of 
ACTH chills, fever (temperatures up to 105°P.), 
mental confusion, bronchopneumonia, thromphlebi- 
tis of the right leg and ulceration at the site of the 
intravenous drip in the right leg developed. The blood 
cultures on June 12, 1953 and June 17, 1953 yielded 
Salmonella schotmiilleri. The Salmonella  schott- 
miilleri septicemia apparently developed under the 
masking effect of ACTH, but readily responded to 
the administration of aureomycin® and streptomycin. 
By the time of discharge on August 11, 1953, the pa- 
tient was asymptomatic and blood cultures were 
negative. On discharge, the red blood cell count was 
3.99 million per cu. mm., hemoglobin 13.9 gm. per 
100 ml:, reticulocyte count 1.4 per cent, platelets 
196,000 per cu. mm., white blood cell count 8,500 per 
cu. mm. with 50 per cent neutrophils, 2 per cent stab 
forms, 1 per cent basophiles, 13 per cent eosinophils, 
22 per cent lymphocytes and 12 per cent monocytes. 
The follow-up biopsy specimen of bone marrow on 
September 6, 1953, was normal except for slight 
plasmocytosis and eosinophilia. The myeloid: ery- 
throid ratio was 3:1. The hemogram and _ biopsy 
specimen of the bone marrow were again normal on 
October 6, 1953. 

The patient was then not seen here until September 
13, 1955 when he was admitted for the third time. 
He reported that he had been doing very well during 
the interval until the spring of 1955, when he started 
to feel weak and the blood count revealed recurrent 
anemia. He had again been treated with liver extract, 
vitamin B,. and cobalt without improvement. The 
chief physical findings were pallor and blue-gray 
pigmentation of the skin. The red blood cell count was 
1.95 million per cu. mm., hemoglobin 5.7 gm. per 
100 ml., reticulocytes 0 per cent, red cell volume 
18.5 ml. per 100 ml., mean corpuscular volume 
95 cu. microns, mean corpuscular hemoglobin con- 
centration 31 gm./100 ml., platelets 460,200 per cu. 
mm., a white blood cell count of 13,300 per cu. mm, 
with 65 per cent neutrophils, 3 per cent stabs, 1 per 
cent metamyelocytes, 1 per cent basophiles, 5 per cent 
eosinophils, 20 per cent lymphocytes and 5 per cent 
monocytes. Biopsy specimen of the bone marrow 


revealed a reversion to the isolated erythrocytic hypo- 
plasia with complete absence of nucleated erythro- 
cyuc element. The cellularity was normal and the 
myelocytic and megakaryocytic elements were 
normal except for eosinophilia. A hemolytic com- 
ponent was confirmed by the shortened life span of 
the patient's own red cells by the radioactive chro- 
mium method (half life of twelve days). The urinal- 
ysis showed some increase of white cells (no urinary 
symptoms). 

On September 15, 1955, two days after admission, 
the patient complained of substernal pain with radia- 
tion to both arms. Serial electrocardiograms con- 
firmed the diagnosis of acute myocardial infarction 
(anterior) and he was treated for such. In view of the 
worsening anemia, ACTH (20 units intramuscularly 
every six hours) was begun on September 21, 1955, 
despite the myocardial infarction. The hematologic 
response was the same as on the second admission, the 
reticulocyte count rose to 17.4 per cent and erythro- 
cytic hyperplasia appeared in the bone marrow on 
October 7, 1955. Apparently, due to persistence of 
hemolysis, the anemia was improved without sub- 
siding completely. Then a psychotic reaction (ACTH- 
induced), urinary tract infection (with non-protein 
nitrogen rising to 186 mg. per 100 ml.) and Proteus 
vulgaris septicemia occurred. Supportive treatment 
and antibiotics were of no avail and the patient died 
on October 22, 1955. 

The autopsy revealed the following findings: Ery- 
throcytic hypoplasia with moderate myeloid and 
megakaryocytic hyperplasia of bone marrow (appar- 
ent reversion to erythrocytic hypoplasia terminally); 
coronary arteriosclerosis with organizing thrombotic 
occlusion of the left anterior descending branch; old 
and recent myocardial infarction of the anterior wall 
of the left ventricle and the interventricular septum, 
with mural thrombus in the apex; hypertrophy and 
dilatation of the left ventricle of the heart; hemo- 
chromatosis (weight of liver 2560 gm.); acute necrotiz- 
ing cystitis, acute pyelonephritis and necrotizing 
papillitis of kidneys with septicemia (positive blood 
culture of Proteus vulgaris); active pulmonary tuber- 
culosis in both lower lobes of the lungs; squamous cell 
bronchogenic carcinoma in right lower lobe at the 
tuberculous lesion; cortical hyperplasia of the adrenal 
glands (ACTH therapy); and slight arteriosclerosis 
of the cerebral arteries. In the opinion of the patholo- 
gists, there was no apparent effect of the ACTH ther- 
apy on the myocardial infarction, which showed the 
expected evolutionary change pathologically. The 
thymus was atrophied and no accessory spleen was 
found. | 


ADDENDUM 


Since this report was prepared, two additional 
cases of chronic erythrocytic hypoplasia have 
been found in the Japanese literature.*'°? 
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Pulseless Disease’ 


JANET R. KINNEY, M.D. 
Chicago, 


ULSELESS disease is characterized by the 
gr eaan of pulsations in the carotid and 
radial arteries. Since this startling physical 
finding is found in other aortic arch syn- 
dromes,' it requires a careful differential diag- 
nosis. It may be caused by syphilitic arteritis 
and, somewhat less commonly, by syphilitic 
aneurysm. It occurs rarely in dissecting aneu- 
rysm and in traumatic injuries of the thorax. 
When these conditions have been excluded, 
there remains, as reported from the United 
States, Great Britain, the Scandinavian coun- 
tries and Japan, a group of patients consisting 
predominantly of young and middle-aged women 
in whom the etiology is unknown. The name, 
pulseless disease, has been designated for this 
group. 

The following case is interesting in that the 
evolution of symptomatology was observed over 
a period of vears. 


CASE REPORT 

This forty-two vear old nurse was seen first in April, 
1953. An hour prior to admission she had had sudden 
onset of aphasia with weakness of the left arm and had 
felt dizzy and nauseated. For the preceding week she 
had had a very severe headache aggravated by activity 
and partially relieved by lying down. Two vears pre- 
viously she had had a similar episode of headache and 
aphasia but with weakness of the right arm. 

Physical examination revealed a slight left facial 
weakness and paresis of the left arm. There was still 
slight aphasia but it was clearing rapidly. The eyes 
showed an old alternating left esophoria. The eye 
grounds revealed normal discs and blood vessels. The 
pulse in the right arm was weaker than in the left. 
The blood pressure on the right was 102 mm. Hg 
systolic and 80 diastolic, on the left 134 systolic and 
78 diastolic. The heart was normal in size and contour 
and the heart tones were clear and distinct. At the base 
over the right second interspace was a long, loud 
systolic murmur which. transmitted into the right 
carotid and to a lesser degree into the left. Peripheral 
pulsations in the legs were normal. Tendon reflexes 
were hyperactive on the right and decreased on the 
left. 


By the next day the aphasia had cleared completely 
but the patient complained of blurring of vision on 
sitting up. The left hand was improving in strength. 
Further studies included a negative Kahn test, 
sedimentation rate of 18 mm. per hour (Cutler 
method) and a normal hemogram and platelet count. 
The urine had a specific gravity of 1.018 and there 
were no abnormal findings. The serum non-protein 
nitrogen was 24 mg. per cent, cholesterol 220 mg. per 
cent, fasting blood sugar 98 mg. per cent with a flat 
glucose tolerance curve of 107, 98 and 95 mg. per cent 
at hourly readings. The electrocardiogram was within 
normal limits. The x-ray of the chest showed the heart 
to be normal in size and contour with a rather small 
aortic knob. Examination by an ophthalmologist 
confirmed the eye findings. 

The patient was discharged on the thirteenth hos- 
pital day with a diagnosis of cerebral thrombosis. It 
was thought that there might be a congenital abnor- 
mality of the cerebral vessels since she had had aphasia 
with the episode of left hemiparesis as well as with 
the right hemiparesis. On the basis of the murmur, 
although there was no thrill and no cardiac enlarge- 
ment, a tentative diagnosis of aortic stenosis was made. 

Six months later the patient was admitted to the 
hospital because of pain in the left arm. She had 
waked with transient double vision and then noted 
the onset of a fairly severe aching pain on the inner 
aspect of the left arm. The nurse who admitted the 
patient remarked that she was unable to find the right 
radial pulse. This was confirmed and the blood pres- 
sure could not be obtained except for a few indefinite 
thuds between 90 mm. Hg systolic and 70 diastolic. 
The blood pressure in the left arm was 130 systolic and 
80 diastolic. The pain in the left arm subsided and 
the absence of the right radial pulse was the only new 
finding. 

The next admission several months later was for 
chest pain with radiation to the left arm. The patient 
felt dyspneic but this seemed to be hyperventilation 
rather than true dyspnea. It was noted that the left 
radial pulse was becoming more difficult to detect. 
The possibilities of a dissecting aneurysm or coronary 
occlusion were considered. However serial electro- 
cardiograms and roentgenograms of the chest showed 
no change; and no fever, leukocytosis or elevation in 
sedimentation rate developed. 

Throughout the course of the next year there were 


* From the Department of Medicine, University of Illinois Medical School, Chicago, Illinois. 
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seven similar puzzling episodes. Except during these 
periods tHe patient was able to continue her super- 
visory work. Two years after her initial admission her 
physical findings could be summarized as follows: 
The right radial pulse could not be palpated. On 
auscultation, faint sounds could be heard at 100 mm. 
Hg which faded out at 80. The left radial pulse could 
not be palpated and no blood pressure reading could 
be obtained. By the Gaertner maneuver, which con- 
sists of raising the arm, applying the blood pressure 
cuff, inflating the cuff, lowering the arm and releasing 
the pressure, the flush appeared at 85 mm. Hg which 
is an approximation of the mean arterial pressure. 
The carotids were not palpable although the murmur 
could still be heard in the neck. ‘The femoral, posterior 
tibial and dorsalis pedis arteries were bilaterally 
palpable. The blood pressure in the legs was 140 mm. 
Hg systolic and 100 to 90 diastolic. There had been 


no change in the electrocardiogram or in the film of 


the chest. 


At this time, with a slowness comparable to 
the evolution of the syndrome, it was realized 
that the underlying abnormality must be an oc- 
clusive process in the branches of the aortic arch. 
Similar cases have been reported. 


COMMENTS 


The diagnosis of pulseless disease is primarily 

one of exclusion. In this case syphilis could be 
ruled out. There had been no injury to the chest. 
Dissecting aneurysm is a possibility but seems 
unlikely in the presence of a small aortic knob 
with no enlargement of the aorta in lateral views. 
Angiography would give valuable information 
but in view of the possibility of abnormal cere- 
bral circulation it would entail considerable 
-@anger. 
’ The symptomatology is predominantly that of 
occlusion of the internal carotids—headache, 
vertigo, convulsion, paresis and hemiplegia may 
occur. Hypersensitivity of the carotid sinus has 
complicated several cases. 

Ocular symptoms are often prominent, but in 
this case “intermittent claudication of vision” 
with exercise, and blurring and double vision on 
arising were the only symptoms. Cataracts, 
arteriovenous aneurysms and slowing of the 
arterial circulation have been reported. In Japan 
the majority of these cases have been reported 
by ophthalmologists. 

Symptoms from occlusion of the radial artery 
are conspicuous by their absence, due to ade- 
quate collateral circulation. This patient had a 
numb thumb but whether this was central or 
peripheral was difficult to determine. She com- 


plained of fatigue in the arms but there was no 
detectable atrophy. 

Dyspnea, chest pain and tachycardia have 
been.reported. In Jervell’s case* systolic and 
diastolic murmurs were heard, and _ systolic 
murmurs have been noted in several other 
reports. 

The etiology is unknown. Japanese authors 


favor a tuberculous arteritis. There are very 


few postmortem studies on which to base con- 
clusion. Harbitz and Raeder* found fibrous 
thickening and inflammatory infiltration of the 
vasa vasorum. Fr@vie’s case,'* showed endarteri- 
tis productive proliferans (secondary closure 
process). There was very little inflammation and 
mainly a closure process without evidence of 
primary thrombosis. Trias de Bes and colleagues 
suggest that the mesenchymal abnormalities 
observed in the enucleated eye of their case 
are indicative of a congenital basis for this 
disease.° 

Since the etiology is unknown, treatment ts 
unsatisfactory. Long-term anticoagulant therapy 
has been used. With further advances in arterial 
surgery a surgical approach, although formida- 
ble, might be considered. The patient herein 
described has been treated symptomatically 
with papaverine during acute episodes, and 
priscoline’ for the long-term treatment. 


SUMMARY 


The evolution of a case of pulseless disease is 
described. 
ADDENDUM 


This patient died suddenly on November 21, 
1956. A postmortem examination was per- 
formed six hours later. The significant gross 
findings were reported as follows. 

The aorta showed moderate atherosclerotic 
changes with calcification and ulceration of a 
small plaque 2 cm. below the origin of the renal 
arteries. The innominate artery was patent, but 
the right common carotid showed an occlusion 
that began just above its origin. The right 
subclavian artery showed partial occlusion of its 
lumen by an apparent subintimal thickening 
that began at its origin. The left carotid was 
patent. At the end of the dissection of the left 
subclavian artery was the beginning of a thick 
subintimal plaque. All other branches of the 
aorta were patent and showed minimal sclerotic 
changes, except for the common iliac arteries 
which showed moderate sclerotic changes. 
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‘The heart showed hypertrophy of the left ven- 2. Jervewr, A. Pulseless disease. Am. Heart J., 47: 780- 
tricle and moderate atherosclerosis of the coro- 784, 1954. 


R oR, J. G. Ansi ienatrofi. 
nary vessels with occlusion of the left coronary k 


artery 1 cm. below its origin. The lungs showed mag. f. lagevidensk., 87: 529-550, 1926. 
minimal pulmonary edema and slight passive 4. Fr@vic, A. G. Bilateral obliteration of the common 
congestion was noted in the liver. The re- pees mer Acta Psychiat. et Neurol. (Supp. 39). 
mainder of the essentially normal 5. A. G. and L6xen, A. C. Syndrome of obliter- 
in appearance. Microscopic sections have not ation of the arterial branches of the aortic arch, 
been completed. } due to arteritis. Acta Psychiat. et Neurol. Scandinav., 

26: 313-337, 1951. 
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Intrathoracic Meningocele’ 


A Case Report 


RicHARD R. Moyer, M.p., Harry R. CRAMER, M.D. and GARFIELD G. DUNCAN, M.D. 


Philadelphia, Pennsylvania 


neurofibromatosis (von Recklinghausen’s 
disease) was first reported by Pohl in 1933.' 
Since that time some twenty cases have been 


A N intrathoracic meningocele associated with 


Fic. 1. Note café au lait spots, neurofibromas, right 
kyphoscoliosis (X ) and site of second thoracentesis +: 


reported. According to Laitinen et al.* only five 
of these were diagnosed preoperatively. 

It is our purpose in this paper to add one more 
case of intrathoracic meningocele associated 
with neurofibromatosis and complicated by 
pulmonary tuberculosis; to discuss the diagnosis 
and methods of treatment; and briefly to discuss 
the probable pathogenesis of these lesions. 


CASE REPORT 


T. D. (Unit History No. 11821), a thirty-nine vear 
old white woman, had cutaneous manifestations of 
neurofibromatosis apparent since birth. There was no 
family history of the disease. The course was unevent- 
ful until the patient was nineteen years of age when, 
because of progressive kyphoscoliosis, she was ad mitted 
to a Philadelphia hospital. A diagnosis of Pott’s disease 
of the spine was made. The patient was asymptomatic 
following a spinal fusion procedure (in spite of prompt 
recurrence of her kyphoscoliosis) until the age of 
thirty-nine, when she complained of headaches of 
moderate degree. It is significant that the headache 
was precipitated by coughing. She also suffered from 
dyspnea on exertion, a symptom which slowly in- 
creased in severity and eventually accounted for her 
admission to the Pennsylvania Hospital six weeks after 
the onset of these symptoms. Upon physical examina- 
tion she was found to have multiple “café au lait” 
spots and cutaneous neurofibromas, a right kypho- 
scoliosis (Fig. 1) a hydrothorax on the right side (Fig. 
2A) and generalized hyperrefiexia. A thoracentesis 
vielded 2,000 cc. of a sterile, straw-colored fluid. A 
residual radiopaque shadow in the posterosuperior 
aspect of the right side of the chest was interpreted 
as due to loculated pleural fluid. (Fig. 2B.) Further 
attempts at aspiration were unsuccessful. Because of 
the diagnosis of probable tuberculosis, antituberculous 
therapy was begun and the patient was discharged to 
be followed in the outpatient clinic. 

Six weeks following her discharge Miss ‘T. D. was 
readmitted to the hospital because of persistence of 
the density in the right hemithorax. On the day of her 
admission it was reported that acid-fast bacilli had 
been obtained from gastric washings cultured at the 
time of her previous admission. These organisms were 
subsequently found to be virulent via guinea pig 
inoculation. Since it was still believed that the 
radiopaque area in the right lung field was due to 
loculated fluid, a needle was inserted in the fourth 
intercostal space posteriorly approximately 4 cm. from 
the convexity of the thoracic spine (Fig. 1), and 
crystal-clear fluid with the appearance and chemical 
properties of spinal fluid was withdrawn. It was then 


* From the Divisions of Internal Medicine, Pennsylvania Hospital, and the Benjamin Franklin Clinic, Philadelphia, Pa. 
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Fic. 2. (A) the roentgenogram obtained at time of initial admission showing right pleural effusion. (B), roentgenogram 
taken after the thoracentesis was done shows residual opacity in the posterosuperior region on the right side. (C), 
myelography, with air as contrast medium, reveals a fluid level within the meningocele. 


considered that the roentgen shadow under considera- 
tion was due to a meningocele. 

Various methods have been used in an attempt to 
delineate these thoracic lesions: thoracic puncture, 
alone and with a simultaneous lumbar puncture by 
which means comparisons in pressure can be ob- 
served; thoracoscopy, and myelography with contrast 
liquid media or air. Transthoracic puncture of these 
cysts involves the danger of meningitis and, in this 
instance, the added hazard of tuberculous meningitis. 
These cysts usually have large patent communications 
with the subarachnoid space and fill readily with air, 
making it a simple matter to establish a definite 
diagnosis. The most efficacious and benign procedure 
is that of performing air myelography. This was first 
described in this connection by Cross* and subse- 
quently by Laitinen.? With the patient in the left 
lateral decubitus position a total of 80 cc. of spinal 
fluid was removed via lumbar puncture and replaced 
by air. Films as shown in Fig. 2C were obtained. 

The choice between conservative therapy or opera- 
tive interference was considered. Sears‘ reported 
fifteen cases of this type, nine of which were treated 
surgically. There were four deaths in this group. 
Surgical correction of these lesions is difficult and is 
frequently complicated by recurrence of the lesion, 
leakage of the spinal fluid into the pleural space 
or meningitis. Baker and Curtis’ report successful 
treatment by resection of the lesion in six patients 
with meningoceles of this type. They believe im- 
proved results from surgery in recent years are due to 
preoperative diagnosis, modern surgical technic and 
suitable use of antibiotics. They believe that when the 
lesion is diagnosed preoperatively and the pa- 
tient is asymptomatic, a conservative course should be 
followed. 
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The following factors should influence the selection 
of therapy for the individual patient: (1) progressive 
enlargement of the lesion, (2) neurologic symptoms, 
(3) encroachment upon surrounding structures— 
vascular, pulmonary or osseous, (4) operative risk, 
and (5) associated pulmonic disease. Because this 
patient was considered a poor operative risk, and in 
view of the mildness of symptoms and the presence 
of active tuberculous pulmonary disease, conserva- 
tive therapy was instituted, consisting of antitubercu- 
lous treatment, close clinical ‘and roentgenologic 
follow-up, and symptomatic relief. 

Several months have elapsed during which this 
patient has been observed periodically in the out 
patient department. She continues to be free from 
symptoms except for intermittent nuchal headaches 
of moderate degree and low back pain, both of which 
respond to mild analgesics. No roentgenologic change 


in the lesion has been detected. 


COMMENTS 


The controversy over the origin of bone lesions 
in neurofibromatosis has many facets. Are these 
lesions part of multiple congenital mesodermal 
anomalies or are neurofibromas ectodermal in 
origin initiating bony change by trophic or pres- 
sure change? If these lesions are due to expand- 
ing neurofibromas, are the neurofibromas 
intrinsic to bone or in juxtaposition to bone? 
This raises the controversial question of intrinsic 
nerve supply to bone. Is there an associated 
defect in reabsorption of phosphorus by the 
renal tubules, as suggested by Swann?® 

Holt® has presented an excellent discussion on 
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this subject. Suffice it to say here that kyphosco- 
liosis is the most frequent osseous abnormality 
seen in conjunction with neurofibromatosis: 
that associated meningoceles are almost always 
discovered in middle life; that they occur on the 
convex side of the scoliosis; and that they are 
associated with vertebral defects at the site of 
communication with the spinal canal. This 
would make it appear that they are simply 
meningeal hernias occurring because of pre- 
existing osseous lesions. While these lesions are 
rare, their presence should be suspected in all 
cases of posterior thoracic densities associated 
with vertebral anomalies, especially in the 
presence of neurofibromatosis. 


SUMMARY 


A case of intrathoracic meningocele asso- 
ciated with neurofibromatosis and active pul- 
monary tuberculosis is presented. The diagnostic 
measures, probable pathogenesis and _thera- 
peutic approaches in this disorder are briefly 
discussed. 
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OIZZINESS THE ELOERLY PATIENT WITH ARTERIOSCLER OS!S 


e 

comer here is a somewhat larger group in which definite localization [of the 
cause of vertigo] may not be possible. ... Cardiovascular disease may also 
cause this type of dizziness. ... The treatment consists of bed rest, sedation 


and the use of Dramamine... .” 


Lindsay, J. R.: The Practical Management of Dizziness, California Med. 83:193 (Sept.) 1955. 
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codeine. Yet it has no general sedative 
or respiratory -depressant activity, and 
it's remarkably free of side effects such 
as nausea, constipation, or tendency to 
habit formation. Available as a 
syrup, in tablets, or expectorant mixture 
(with ammonium chloride). 


Original Research in Medicine and Chemistry 


Romilor® hydrobrom de — broad of hydrodro™ 


TO FIGHT THE INROADS OF AGE 


Current opinion stresses the importance of early recognition of 
the undesirable effects of aging, and adequate metabolic support 
of the body’s fight against them.' NEOBON, by providing 4 factors 
PLUS 1, corrects all 5 of the recognized treatable causes of aging. 


Gonadal Hormone Decline — NEOBON’S daily dose of 3 mg. Methyl- 
testosterone and 0.018 mg. Ethiny! Estradiol offsets it. 


Hematinic Deficiencies— NEOBON combats nutritional anemia and 
iron deficiency with essential hematinic factors. 


Digestive Enzyme Deficiency—NEOBON supplies pepsin and pan- 
creatin to insure proper absorption and utilization of foods— 


despite digestive “let-down” of aging. 


Nutritional Inadequacy — NEOBON’S complete combination of essen- 
tial minerals and vitamins replaces deficiencies inherent in the 
restricted diets of the aging. 


PLUS -NEOBON’S new lysine, the amino acid that lifts low value vegetable 
proteins to the high grade quality found in meat and eggs. 


NEOBON in bottles of 60 soft, soluble capsules; prescription only. 
1. Kiemme, H. L.: Clin. Med., October, 1956. 


NEW NEOBON LIQUID, a geriatric tonic 
providing gonadal and thyroid supplementation, im- 
proved carbohydrate and protein utilization, hematinie 
action, and mild antidepressant effect. 

In 16 ot. bottles; prescription only. 


Chicago 11, Illinois 
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PEACE of mind ATARAX® 


from mild sedation 


You can achieve any degree of 
cerebral depression with less 
short-acting Nembutal—usually 
only about one-half the dosage of 


many other barbiturates. 


Smaller dosages of short-acting 
Nembutal mean less drug to be 
inactivated, shorter duration of effect, 


little tendency toward hangover. 


And with short-acting Nembutal 
you are using a thoroughly studied 
sedative-hypnotic with 


a wide margin of safety. 


*Nembutal—Pentobarbital, Abbott 


to basal anesthesia. 
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short-acting 
NEMBUTAI 
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from minor . . . 


... fo major surgery. 
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LIPAN Capsules contain: Specially 
prepared highly activated, desic- 
cated and defatted whole Pancreas: 
Thiamin HCl, 1. mg. Vitamin D, 
500 1.U. 


Available: Bottles 180’s, 500’s. 


Proved Clinically Effective Oral Therapy — 


maintenance regimen may keep patients lesion-free. 


COMPLETE LITERATURE AND REPRINTS 
UPON REQUEST. JUST SEND AN Rx BLANK. 


PAN 


Spirt & Co., Inc. 


waATeEre Bury, CONN. 


©Copyright 1956 Spirt & Co. 
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Against Pathogen & Pain 


in urinary tract infections 


Azo Gantrisin combines the single, soluble 
sulfonamide, Gantrisin, with a time-tested 
urinary analgesic - in a single tablet. 


Prompt relief of pain and other discomfort is 
provided together with the wide-spectrum 
antibacterial effectiveness of Gantrisin which 


achieves both high urinary and plasma levels so 
important in both ascending and descending 


urinary tract infections. 


Each Azo Gantrisin tablet contains 0.5 Gm Gantrisin ‘Roche® plus 50 m 


phenylazo-diamino-pyridine HCl. Gantrisin® - brand of sulfisoxazole 


Original Research in Medicine and Chemistry 


advancing 
hypertension 
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to lower blood pressure ; 
to increase renal blood flow 
to decrease cerebral vascular tone | 


SUPPLIED: Ampuis, 1 mi., 20 mg. per mi. 
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a bottles of 100, 500 and 1000. : 
¢ 
SUMMIT, N. J. 
: 


THE ALKALOID COMPLEX WITH LESS SIDE-EFFECTS 
.. yet the total activity of RAUWOLFIA 


Rautensin provides all the 
essential antihypertensive alkaloids 


Rautensin (the alseroxylon fraction complex 
of Rauwolfia) contains both rescinnamine 
and reserpine, together with the other 
valuable alkaloids. 


Produces a gradual and sustained drop 
in blood pressure. 


Calms and soothes the patient without 
loss of alertness. 


Rautensin is less likely 
to produce mental depression 
The alseroxylon fraction complex of 


Rauwolfia was found less prone to cause 
mental depression. 


Does not usually cause drowsiness. 


Is purified and is therefore free of inert 
dross present in the whole root. 


1. Moyer, J.H.; Dennis, E., and Ford, R.: 
A.M.A. Arch. Int. Med. 96: 530, 1955 


Each tablet contains 2 mg. purified Rauwolfia 
serpentina alkaloids (alseroxylon fraction) 


SMITH-DORSEY 


Lincotn, Nebraska 


a division of The Wander Company 
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THERAPEUTIC 


FORMULA 
multivitamins 


Filmtab represents: 


Vitamin A........ 7.5 mg. (25,000 units) 
VitaminD......... 25 meg. (1000 units) 
Thiamine Hydrochloride... ... 10 mg. 
Nicotinamide (os hydrochloride). . 150 mg. 
Vitamin (es cobalamin concentrate) 6 MCg. shev've 


 : 


Ascorbic Acid................. 150 mg. 
Supplied: Bottles of 50, 100 and 1000 Filmtabs. 


*Filmtab: Film-sealed tablets, Abbott; pot. applied for. 
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for normal, healthy, comfortable pregnancies 


mg 
| ascorBic ACIO 3000 = 
TRACE ELEMENTS” ~ 
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HIGH-POTENCY 
CAPSULES WITH “BUILT-IN” 


IES, INC., M 
’ OUNT VERNO 
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STRESSCAPS 


mountainous to busy perso 5 


der persistent stress. 


sustained b 


resilience 


Fach Capsule Contains 
Thiamine Mononitrate 
Riboflavin B 

Niacinamide 
Ascorbic Acid C 


Pyridoxine HCI 


VitaminB . 

Folic Acid 

Caicium Pantothenate 
Vitamin K Menadione 
Averaye Dose 12 caps 
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THROUGH CYCLOTHERAPY INC., 


TO HELP YOUR PATIENTS 


rest 


relax 


CYCLO-MASSAGE® 


Three years of testing in teaching hospitals and 
medical schools confirms the analgesic, the 
muscle-relaxant, and the sedative properties of 
Niagara Cyclo-Massage equipment. 

The unique, patented Niagara action is a 
deep-penetrating, gentle cycloid® motion which 
is widely conducted through the soft tissues of 
the body to relax many types of muscle spasms 
and pain associated with such spasms. 

For complete details, write or send coupon, 
today, to Niagara, Adamsville, Pa. ; 


Niagara, Dept. AJM-10, 
Adamsville, Pa. 


1 

Send details on Niagara Cyclo-Massage | 
units. | 

| 


PROFESSIONAL CYCLO- 
MASSAGE UNITS AVAILABLE 


Name 
Address 


11 E. 68TH STREET, 
NEW YORK CITY, N. Y. 


© 1956 Niagara Therapy Mfg. Corp., 
Adamsville, Pa. 


CANADA: MONARCH MASSAGE, LTDO., FORT ERIE. ONTARIO 


78 
(AND YOU...) 
‘i 
Win. 
=. “Uy AND 
Y \ —= 
<= “= 
\\ \\ SSS \ 


patients 


angina pectoris 


.». your treatment can make the difference 


In angina pectoris: “. . . the difference between com- 
plete, or almost complete, absence of symptoms, or 
a prolonged illness with much suffering” may lie in 
routine prophylaxis with Peritrate.! 


New studies continue to confirm the effectiveness of 
this long-acting coronary vasodilator. “Impressive and 
sustained improvement” is observed in patients on 
Peritrate therapy.? 


Simple prophylaxis: Peritrate is not indicated to abort 
the acute attack (nitroglycerin is still the drug of 
choice). However, you can reduce or eliminate nitro- 
glycerin dependence and provide continuing protec- 
tion against attacks of angina pectoris with Peritrate. 
Prophylaxis is simple: 10 or 20 mg. of Peritrate before 
meals and at bedtime. Maintenance of a continuous 
daily dosage schedule is important for successful 


therapy. 


Peritrate has been demonstrated to prevent or reduce 
the number of attacks, lessen nitroglycerin depend- 
ence, improve abnormal EKG findings and increase 
exercise tolerance. 


The specific needs of most patients and regimens are 
met with Peritrate’s five dosage forms: Peritrate 10 
mg. and 20 mg. tablets; Peritrate Delayed Action (10 
mg.) for continuous protection through the night; 
Peritrate with Phenobarbital (10 mg. with phenobar- 
bital 15 mg.) where sedation is required; Peritrate with 
Aminophylline (10 mg. with aminophylline 100 mg.) 
in cardiac and circulatory insufficiency. 


Usual Dosage: 10 to 20 mg. before meals and at 
bedtime. 

References: 1. Rosenberg, H. N., and Michelson, A. L.: Am. J. M. 
Sc. 230:254 (Sept.) 1955. 2. Kory, R. C., et al.: Am. Heart J. 
50:308 (Aug.) 1955. 3. Winsor, T., and Humphreys, P.: Angiology 
3:1 (Feb.) 1953. 4. Plotz, M.: New York State J. Med. 52:2012 
(Aug. 15) 1952. 5. Dailheu-Geoffroy, P.: L’OQuest-Médical, vol. 3 
(July) 1950. 
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whenever an enema is indicated 


FLEET’ ENEMA y 


Disposable Unit 


Anatomically correct rectal tube minimizes injury 
hazard ... plastic squeeze bottle fits the hand, 
simplifies instillation ...effective as soap suds, or 
more so,"’) FLEET ENEMA induces prompt, 
spasm-free evacuation. ‘?? 

For home administration and for hospitalized 
patients prescribe or recommend FLEET ENEMA 
Disposable Unit... extremely effective, too, for 
pre-examination cleansing in your office . . . available 
at all pharmacies... in use by leading hospitals. 


Each 4, fl. oz. unit contains, per 100 cc., 16 mg. sodium biphosphate 
and 6 gm. sodium phosphate. 


(1) Swinton, N. W., Surg. Clin. of No. Am. 35:833, 1955 
(2) Gross, J. M., Jl. Int. Coll. Surg. 23:24, 1955 


Cc. B. FLEET Coa., iNC. 


Lynchburg, Virginia 
Makers of Phospho-Soda (Fleet) * Gentle... Prompt... Thorough 
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treat 


depression 
fatigue 


hypochondriasis 
somatically 

psychically 

safely 


with new 


For the first time in the treatment of de- 
pression, improvement in mentation and 
metabolism and mood is now possible 


with a single therapy—Dexazyme. 


Dexazyme elevates mood by combining 
low, safer dosages of dextro-amphetamine 
with Pentrazol.* 


Dexazyme improves mentation and clarity R Dexazyme #60 Sig.:1 (or 2) 
of consciousness through action of Pentrazol capsules, t.i.d. with meals 
and niacin. 


Dexazyme enhances metabolism by pro- Gf 
viding niacin, thiamine, riboflavin and ascorbic 
acid. 


AG RAY PHARMACEUTICAL CO., INC. 


Sorand of pentvienetetrazo! NEWTON 58, MASSACHUSETTS 
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just one 


tablet t.1.d. 


for your aging patients 


may mean the difference between comfort and complaint 


routine physiologic support 

improves liver and gallbladder function 

corrects constipation without catharsis 

- relieves functional complaints of gastrointestinal tract 
enhances medical regimens in hepatobiliary disorders 


DECHOLIN Tablets 3% gr. (dehydrocholic acid, Ames) and 
DECHOLIN SODIUM® Ampuls 20% Solution (sodium dehydrocholate, Ames) 


AN AMES COMPANY, INC « ELKHART, INDIANA 
eh Ames Company of Canada, Ltd., Toronto goes? 
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real kid 


- delicious orange flavor 
- nine nutritionally important vitamins 

- flows freely, needs no refrigeration 

+ may be added to milk or fruit juice, 

or taken directly from the teaspoon 


ec: 4-ounce and 16-ounce bottles. 
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AMERICAN BAKERS ASSOCIATION 
20 NORTH WACKER DRIVE CHICAGO 6, ILLINOIS 


~\, The Well-Proportioned 
Nutrients in 


Enriched Bread 


Equally Important in 


Diets Moderately Low in Fat 


The added nutrients in Enriched Bread are chosen qualitatively and 
quantitatively because of their importance in everyday nutrition. They 
have proved equally advantageous when dietary adjustment is indicated 
for therapeutic purposes. 


In low-fat diets prescribed for many patients with coronary arterioscle- 
rosis, gallbladder disease, hyperlipemia, obesity, and allied conditions, 
the proportions of the nutrients in enriched bread are especially significant. 


The fat content of enriched bread approximates only 3 per cent, and its 
cholesterol content is negligible. This feature and, in addition, its well- 


balanced proportions of essential nutrients qualify enriched bread as an 


important constituent of low-fat diets. 


Six slices of the average enriched bread, containing 4 per cent added 
nonfat dry milk, provide 12 grams of good quality protein (flour protein 
supplemented with milk protein), 0.36 mg. of thiamine, 0.26 mg. of 
riboflavin, 3.35 mg. of niacin, 3.5 mg. of iron, and 126 mg. of calcium— 
from 16 to 29 per cent of the adult patient’s daily needs for each of 
these nutrients. Yet six slices of enriched bread supply only 19 per cent 
of the nutrient energy of a 2,000-calorie diet. 


The nutritional statementa made in this 
advertisement have been reviewed by the 
Council on Foods and Nutrition of the Amer- 
ican Medical Association and found consmtent 
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COMPLaintrs 


SiC at FINDINGS Purse fis 


LAB TESTs 
DIAGNOSIS 


TREATMENT 


Start all your hypertensives on RAUVERA 
for grcater SAF ETY 


Safety is a distinguishing feature of Raurera, a potent antihypertensive 
agent with safeguards inherent in the purified mixed alkaloid fractions, 
alseroxylon (1 mg. per tablet) and alkavervir (3 mg. per tablet). The 
risks of depression, postural hypotension or reduction of blood pressure 
to undesirable levels are virtually absent with Rauvera. Patients can 


be started routinely on Rauvera, and therapy can be continued over long 
periods of time. 


More EFFECTIVE therapy Alseroxyion and 


alkavervir combined are much more effective than either drug used 
alone. The resulting additive if not synergistic action provides full 
antihypertensive effects with relatively smaller doses of each drug and 
with fewer side actions. 


SMITH-DORSEY: Lincoln, Nebraska: a division of The Wander Company 
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is the word 


for Noludar 


Mild, yet positive in 
action, Noludar ‘Roche’ 
is especially suited 
for the tense patient 
who needs to relax and 
remain clear—headed— 
or for the insomniac 
who wants a refreshing 
night's sleep without 
hangover. Not a 
barbiturate, not habit- 
forming. Tablets, 

50 and 200 mg; elixir, 
50 mg per teasp. 


Noludar® brand of sethyprylon 
(3,3-diethyl-5-methyl- 
2,4-piperidinedione) 


on... 


Original Research in 
Medicine and Chemistry 


WHENEVER 
COUGH THERAPY 
IS INDICATED 


ENDO LABORATORIES INC 
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with Electrocardioscope’ 


* optional 


ELECTRODYNE PM-65 


A PROVEN 
INSTRUMENT 


@ Detects and treats cordiac 
arrest automoticolly. 

@ Provides continuous visual 
display of electrocardio- 
gram. 

@ Provides immediate recog- 


The 3 flet E. C. G. disk elec. 
trodes held on chest by rubber 
strep, afford simple, fest, 
externa! hookup. 


KS 


/ 


Your Inquiries for Technical 


Information, Literature, 


and Prices Invited... 
W in the addition of the new Electrocardioscope, the 


Lis Electrodyne PM-65 boasts a refinement that is unlike any other 
ee instrument of its kind available today. The PM-65 with scope 


[ ECTRO now provides o continuous visual display of the electrocardio- 


gram and immediate recognition of any cardiac arrhythmia. 
Me 


As you know, the Electrodyne PM-65 is a combina- 
tion of two proven instruments — the reliable Cardiac Monitor 
and the well documented Cardiac Pocemaker (developed in 
conjunction with Paul M. Zoll, M. D.). When attached to the 

patient it will instantly signol cardiac arrest and automatically 

ELECTRODYNE CO., INC. provide effective external stimulation to the dormant heart at 
90 ENDICOTT STREET the very onset of cardiac arrest. 

NORWOOD, MASSACHUSETTS, U.S.A. Other important Electrodyne instruments are: The 

Cardiac Pacemaker, the Cardiac Defibrillator, the Cardiac 

Alarm, the External Defibrillator and combinations of these units. 
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“Mediatric” will help make the “senior” years 
more pleasant and enjoyable. 


‘Mediatric” is specially formulated to counteract the adverse influence of declining gonadal 
function, nutritional inadequacy and emotional instability. 


‘Mediatric” contains estrogen and androgen in amounts that will effectively supplement 
reduced gonadal hormone production; nutritional supplements carefully selected to meet 
the needs of the patient; and a mild antidepressant to promote a brighter mental outlook. 


Available in tablets, capsules, and liquid. 
“MEDIATRIC:;’ 
Steroid-Nutritional Compound 


IN PREVENTIVE GERIATRICS 
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Ayerst Laboratories «* New York, N. Y. * Montreal, Canada : 
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Meat... 


and the Need for Reasonable Amounts 
of kat to Maintain Good Health 


The place of dietary fat in human nutrition is being widely dis- 
cussed. Scientists who know tell us that some fat is desirable in 


our everyday diet whether body weight has to be reduced or not. 


Why are fats important to good health? Because they con- 
tribute to the processes of growth and replacement of tissue. 
Because they are an important source of calories. Because they 

_ make foods more inviting and better tasting. 


Despite great advances in nutritional knowledge the exact 
role of fat in the diet is not yet fully defined. Yet it is known that 
some fat is necessary in healthful day-to-day nutrition. 


For good health, good nutrition, and tastier meals, be sure 
there is some fat—in reasonable amounts—in your daily diet. 
Meat—the most versatile of high protein and B vitamin foods— 

because of its many varieties and cuts is an excellent vehicle to 

provide this essential fat in any amount desired. Animal fat 
products, such as lard, are not only economical, but add delight- 
fully to the taste appeal of hundreds of recipes. 


The nutritional statements made in this advertisement 
have been reviewed by the Council on Foods and Nutri- 
tion of the American Medical Association and found 
consistent with current authoritative medical opinion, 


American Meat Institute 
Main Office, Chicago... Members Throughout the United States 
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Life 
without 


Frenzy 


He used to fuss and fume when traffic slowed him down. Now he 
relaxes—his pace of living has been ‘“‘calmed down’’—since his 
doctor prescribed 


That’s the tranquilizing-sedative-hypotensive effect 
BUTISERPINE has on tense, highstrung patients. Its Butisol 
component quickly induces a more reasonable, tranquil attitude. 
This gives the reserpine component a chance to build up to its 
maintenance tranquilizing effect. 
Now you can prescribe Butiserpine also in its delightful Elixir 
form. Each tablet or teaspoonful of elixir contains: 
Butisol® Sodium 15 mo. (% ar.) 

(Sodium 5-ethyl-5-sec-butyl barbiturate, McNeil) 
Reserpine 0.1 mg. 


Tablets 
Elixir 
Prestabs:Butiserpine R-A (Repeat Action Tablets) - 


| 
j 
4 
‘McNEIL 
Philadelphia 32, Pa. 
4 | | ; j 


minimum dosage 
maximum response 


filled sealed capsules 


High potency dosage of every known hemopoietic 
factor, offered in a most easily assimilable form 
for all treatable anemias, including maintenance 
of pernicious anemia patients. 

Dosage is only one capsule daily 


vA 
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Each capsule contains: 


Vitamin B,. with Intrinsic Factor 


Concentrate 1 U.S.P. Oral Unit 
Vitamin B,. (additional) 1S mcegm. 
Powdered Stomach 200 me. 
Ferrous Sulfate Exsiccated 400 me. 
Ascorbic Acid (C) 150 mg. 
Folic Acid 4 meg. 


When divided dosage of this formula is preferred prescribe PERIHEMIN*® Hematinic, 3 capsules daily 


LEDERLE LABORATORIES DIVISION, AMERICAN CYANAMID COMPANY, PEARL RIVER. N. Y. 


*Reg. U.S. Pat. Off 
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increases peripheral 
circulation and 

reduces vasospasm by 

(1) adrenergic blockade, 

and (2) direct vasodilation. 
Provides relief 

from aching, numbness, 

tingling, and blanching 

of the extremities. 
Exceptionally 

well tolerated. 


BRAND OF AZAPETING 


HOFFMANN-LA ROCHE INC MUTLEY + Wd. 


or 
prolonged 
vasodilation 
in chronic 
circulator 
disorders 


| 
for 
profound 
vasodilation 

3 

vasospastic 

disorders. 


Medihaler 


Means self-powered, unitorm, 
measured-dose inhalation ther- 
apy... made possible by specially 
designed metered-dose valve... 


Medihaler 


Means true nebulization. Each 
measured dose provides 80 per 
cent of its particles in the opti- 
mal size range—0.5 to 4 microns 
radius—insuring effective pene- 
tration of the respiratory tract. 


Medihaler 


Means an unbreakable Oral 
Adapter—no movable parts— 
no glass to break—no rubber | 
to deteriorate... 


) 


Medihaler 


Means notably safe and effec- 
tive therapy when indicated for ce 
children. Medication is in leak- 
proof plastic coated bottles... \ 


Medihaler 


4h “. Medication and Adapter fit into neat 
“plastic case, convenient for pocket 


A or purse... 
Medihaler 
Means greater economy—no 
costly glass nebulizers to re- wed $ vs 
place, and one or two inhalations / 


usually suffices for prompt relief. \ | 


Asthma 


For Rapid Relief of Acute or Continuing Bronchospasm 


Medihaler-Epi 


Riker brand of epinephrine 0.5% solu- 
tion in inert, nontoxic aerosol vehicle. 
Each ejection delivers 0.125 mg. epine- 
phrine. In 10 cc. vial with metered- 
dose valve, sufficient for 200 inhalations. 


Medihaler-Epi replaces injected epine- 
phrine in emergency situations in which 
respirations have not ceased. It provides 
rapid relief in acute food, drug, — 
reactions (including urticaria, 

spasm, angioneurotic edema, Bama of 
glottis, etc.). In most instances only 

one inhalation is necessary. 


Medihaler-Iso” 


Riker brand of isoproterenol HCl 
0.25% solution in inert, nontoxic aero- 
sol vehicle. Each ejection delivers 0.06 
mg. isoproterenol. In 10 cc. vial with 
metered-dose valve, sufficient for 200 
inhalations. 


f 
C 
Note: First prescription for Medihaler medi- 
cations should include the desired medication 
and Medihaler Oral Adapter. 
Z 


increased antihypertensive benefits 
Lowering of diastolic and systolic pressures 
Beneficial bradycardia 
Increase in renal blood flow 


low dosage of Apresoline 
Combined with Serpasil, Apresoline is effective at an 
average daily dose of only 200 mg. Thus, side effects 
such as headache and tachycardia seldom occur. 


versatility 
Easier management of hypertension is made possible 
by two tablet strengths of Serpasil-Apresoline. 


All patients to be given Serpasil-Apresoline may benefit 
from priming with Serpasil. 


SERPASIL-APRESOLINE Tablets #2 (standard-strength, 
scored), each containing 0.2 mg. of Serpasil and 50 mg. of 
Apresoline hydrochloride; Tablets #1 (half-strength, 
scored), each containing 0.1 mg. of Serpasil and 25 mg. of 
Apresoline hydrochloride. 


hydrochloride 
(reserpine and hydralazine hydrochloride CIBA) | 
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